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INTRODUCTION 



MOS an innovative teciinology 

Many types of equipment previously not suitable for electronic control can now take full advantage of the latest elec- 
tronics technology. Equipment costs can be kept low, and equipment size can be reduced easily. MOS (Metal Oxide Semi- 
conductor) circuits are ideal for digital applications including timers and counters, data transmission and switching equipment, 
recorders, calculators, controls and computer equipment. MOS is also suitable for analog applications such as telemetry and 
test equipment. 

MOS technology can be applied to hundreds of equipment types at costs usually lower than for other technologies with 
significant improvements in reliability. 

The introduction of MOS/LSI into new classes of equipments is possible because the basic MOS device combines the 
best attributes of the pentode vacuum tube with all the advantages of the transistor. MOS devices have high-input impedance, 
they are small, simple to fabricate, and consume little power; consequently they offer the highest complexity of large-scale- 
integrated circuits. 
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COMPARISON OF TRANSISTOR CROSS SECTIONS 



WHAT IS MOS? 



MOS ICs require only one-third of the process steps needed for the standard double-diffused bipolar IC. But the most 
significant feature is the large number of semiconductor circuit elements that can be put on a small chip. This high circuit 
density means large-scale integration, and permits Tl to put up to 5000 devices on a silicon chip only 150- x 150-mils square. 
Each transistor in the MOS/LSI array requires as little as 1 square mil of chip area - a great reduction over the bipolar tran- 
sistors requiring 49 to 50 square mils. 

Inherent advantages of MOS/LSI include: 

increased circuit complexity per package 

lower cost per circuit function 

fewer subsystems to test 

fewer parts to assemble and inspect 

lower power-drain per function 

a choice of standard or custom products 

From the design standpoint, MOS/LSI is a two-dimensional layout rather than three dimensional. Mathematically its 
operation can be predicted, and mathematical models lend themselves to Computer-Aided Design analysis. Therefore the cir- 
cuit can be laid out and its operation checked before it is built. 
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MOS/LSI NUMBERING SYSTEM 



TEXAS INSTRUMENTS MOS/LSI DEVICE NUMBERING SYSTEM 

Electrical characteristics presented in this catalog, unless otherwise noted, apply for circuit type(s) listed in the page 
heading, regardless of package. Factory orders for circuits described should include the complete part-type numbers listed on 
each page. 

MOS NUMBERING SYSTEM 



TMS 3003 LR 



1 . Temperature range (Note A) 

2. Package (Note B) 

3. Product identification number (Note C) 

4. Product status (Note D) 

5. Tl MOS Prefix 



NOTE A Temperature Range 

C -25'^C to +85°C (commercial) 

M -55°C to +125°C (military) 

R -55°C to +85°C (reduced military) 

S Special range (as designated by customer) 



NOTE C Product Identification Number 

Part number unique to each device type 



NOTE B Package 



NOTE D Product Status 



F Flat package 

J Ceramic dual-in-line 

N Plastic dual-in-line 

L Plug-in package 

U Unencdpsulated (beam lead, etc. 



S Standard devices 

X Prototype or experimental 

C Custom design 

T High reliability 
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MOS/LSI PACKAGING 



Because of the high complexity of MOS/LSI, Tl has had to innovate in the packaging area. The packages selected by 
Tl are standards of the industry. Accessories for these packages are readily available. 

All standard MOS/LSI devices supplied in ceramic dual-in-line packages and most of those mounted in plug-in-type 
packages are now available in plastic. 

1) Dual-in-line package 

a) Pin-to-pin spacing 

A pin-to-pin spacing of 100 mils has been selected for all dual-in-line packages. 

b) Row-to-row spacing 

Two spacings are used for mounting-hole rows — 300 mils and 600 mils 

c) Ceramic package types 

Tl uses several hermetically sealed ceramic dual-in-line packages, which consist of a ceramic base, gold-plated cap 
and gold-plated leads. 



The following packages are presently in use: 



300 MILS BETWEEN ROWS 
600 MILS BETWEEN ROWS 



16 PIN 

X 
X 



24 PIN 



26 PIN 



40 PIN 




16 PIN 






24 PIN 




28 PIN 




40 PIN 
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MOS/LSt PACKAGING 



16-pin package (300-mil row spacing) 
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TMS XXXX 
JR 

XXXX 
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0.023 max' 
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0.070 
NOM 
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PIN SPACING 
(SEE NOTE A) 

A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is 
located within ±0.010 of its true longitudinal position relative to pins 1 and 16. 

B. All dimensions are in inches. 

C. LEADS MAY BE BRAZED TO SIDES OR BOTTOM OF PACKAGE 




16-pin package (600-mil row spacing) 
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0.130 
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0.010 LID 



NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin 
centerline is located with ±0.010 of its true longitudinal position re- 
lative to pins 1 and 16. 
B. All dimensions are in inches. 
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MOS/LSI PACKAGING 



24-pin package 



r43-D-[H34>Q4K3-[>D-QCh 



24 
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TMSXXXXJC 



J/ DATE 
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130 MAX 
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0.010 LID 



0.190 TYP 



-^^0 



0.100 TYP 



NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is 
located within ±0.010 of its true longitudinal position relative to pins 1 and 24. 
B. All dimensions are in inches. 
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28-pin pacicage 
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NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is 
located within ±0.010 of its true longitudinal position relative to pins 1 and 28. 
B. All dimensions are in inches. 
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MOS/LSI PACKAGING 



40-pin package 
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NOTES: A. A true-position pin spacing is 0.100 between centerlines. Each pin centeriine is located 
within ±0.010 of its true longitudinal position relative to pins 1 and 40. 
B. All dimensions are in inches. 
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d) Plastic packages 

Over the last two years Tl has developed methods of plastic encapsulation specially adapted to MOS/LSI circuits. 
A proprietary plastic compound and proprietary methods are employed to ensure a level of reliability comparable 
to that of hermetically sealed packages and at substantial cost savings. A reliability report available from Tl 
(Bulletin CB-132) describes the results obtained after several million plastic-packaged-device hours of life test. 



The following plastic packages are presently in use: 





16 PIN 


18 PIN 


300 MILS BETWEEN ROWS 


X 


X 


600 MILS BETWEEN ROWS 


X 





24 PIN 



X 



28 PIN 40 PIN 



X 



X 



The spacing between leads and between rows as well as the physical dimensions of the packages are identical to those of 
the ceramic packages. The pin configuration in plastic and in ceramic is always the same. The users who have designed 
in Tl's standard devices over the years can now take advantage of the considerable cost savings provided by plastic 
without having to modify their systems. 
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MOS/LSI PACKAGING 



16-pin package (300-mJI row spacing) 




0.010 



NOM L^ 



0.035 ± 0.025 



0.870 MAX 





MMMMAAA 



PIN SPACING 
(SEE NOTE A) 






0.036 MIN 



0.018 TYP 



NOTES: A. The true position pin spacing is 0.100 between centerlines. Each pin centerline is located 
within ±0.010 of its true longitudinal position relative to pins 1 and 16. 
B. All dimensions in inches unless otherwise noted. 



16-pin package (600-mil row spacing) 





0.800 MAX 




uuuuuuuu 

0.020 (l) ^(5 

0.200 MAX 

SEATING PLANE 

0.125 MIN 

0.033 MIN 
— 0.095 MAX 




PIN SPACING (SEE NOTE A) 

NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is located within ±0.010 of its 
true longitudinal position relative to pins 1 and 24. 
B. All dimensions are in inches unless otherwise noted. 
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MOS/LSI PACKAGING 



18-pin package 




0.025 
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^Qf ^%mmm£ 



-*^K-o. 



010 



0.100- 



k 



UJl 

0.020 



0.050 



NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is located within 
±0.010 of its true longitudinal position relative to pins 1 and 18. 
B. All dimensions in inches unless otherwise noted. 



24-pin package 





0.550 (NOMINAL) 




0.625 ± 0.025 



X 



0.010 (NOMINAL) 



uuuuuuuuuuuu 

.^ 



SEATING PbANE 



*^ — 0.011 ± 



0.003 



0.018 TYP 




0.033 MIN 
— 0.095 MAK 



PIN SPACING (SEE NOTE A) 



NOTES: A. The true-petition pin spacing is 0.100 between centerlines. Each pin centerline is located within ±0.010 of its true 
longitudinal position relative to piniMjand (tA) 
B. All dimensions are in inches unless otherwise noted. 
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MOS/LSI PACKAGING 



28-pin package 
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0.018 TYP 



PIN SPACING (SEE NOTE A) 



NOTES: A. The true position pin spacing is 0.100 between centerlines. Each pin centerline is located within ±0.010 of its true longitudinal 
position relative to pins 1 and 28. 
B. All dimensions are in inches unless otherwise noted. 



40-pin package 




2.000 TYP 



21 
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MIN 



1 



.20) 



0.018 TYP 






0.033 MIN 



PIN SPACING (SEE NOTE A) 



NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is located within ±0.010 of its true longitudinal 
position relative to pins 1 and 40. 
B. All dimensiore are in inches unless otherwise noted. 



14-13 



MOS/LSI PACKAGING 



3) Plug-in-type packages 

For devices such as shift registers requiring few inputs and outputs, Tl uses two plug-in type pacicages. 



8-PIN PLUG-IN PACKAGE 




Same as JEDEC TO-99 and 
MO-002AK except for 
diameter of standoff 



ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 



10-PiN PLUG-IN PACKAGE 




Same as JEDEC TO-100 and 
MO-006AD except for 
diameter of standoff 



ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 




4) Manufacturing information 

a) Alloying 

Alloying is performed under inert atmosphere. A silicon gold eutectic is formed during the alloying operation. 

b) Bonding 

Thermal compression bonding is used. Typical bond strength is 5 grams. Bond strength is monitored on a lot-to- 
lot basis. Any bond strength of less than 2Vi grams causes rejection of the entire lot of devices. 
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MOS/LSI PACKAGING 



c) Sealing 

Tl uses a low temperature gold-tin brazing to seal ceramic packages. 

Plug-in-type packages are welded. 

Glass leaks are eliminated by using an etheylene glycol solution heated to +150°C. 

Fine-leak elimination is performed through mass spectrometer techniques. 

All MOS/LSI devices produced by Tl are capable of withstanding 5 x 10~^ ppm fine-leak inspection, and may be 
screened to 5 x 10~° ppm fine leak if desired by the customer for special applications. 

d) Shock and Vibration 

All packages are capable of withstanding a shock of 3,000 Gs. 

All devices are capable of passing a 20,000-G acceleration (centrifuge) test in the Y axis. 

Pin strength is measured by a pin-shearing test. All pins are able to withstand the application of a force of 6 pounds at 
45° in the peel-off direction. 
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MOS/LSI SYSTEM COMPATIBILITY 

MOS/LSI circuits have proven conclusively in the past few years their value to system designers. Most designs presently 
under consideration use both MOS/LSI and bipolar technologies in order to take full advantage of the low cost and high pack- 
aging density of MOS/LSI, as well as the flexibility of bipolar techniques for low complexity functions. With present MOS/ 
LSI devices the task of the designer has been greatly simplifier. The devices do not require separate interface circuits between 
MOS and MOS circuits nor between bipolar and MOS circuits. MOS/MOS and MOS/bipolar compatibility is demonstrated in 
each of the data sheets included in this catalog. The following information is general and applicable to all Tl MOS/LSI devices. 



1) POWER SUPPLIES 

Two manufacturing technologies are common in MOS/LSI and common throughout the industry: High-threshold MOS 
and Low-threshold MOS. The power supply requirements generally are: 



High Threshold 
Low Threshold 



'SS 



V 



DD 



V 



GG 



-12 V 
-5V 



-24 V 
-17 V 



Where 

Vss is the substrate supply 
Vqd is the drain supply 
Vqg is the gate supply 

The drain supply will draw most of the current. Some circuits are designed to use only one power supply (saturated logic). 
Vdd and Vqg are then common. 

To use MOS in a system it is often convenient to translate all the power supply voltages by a certain voltage. The com- 
mon arrangement is: 





Vss Vdd Vgg 


High Threshold 
Low Threshold 


-H2V OV -12V 
-1-5 V OV -12 V 



NOTE: Some high-threshold devices are specified at Vqq = —28 V and Vqq 14 V. 



2) COMPATIBILITY 

Referencing all voltages to Vss. the input swing on most MOS circuits is as follows: 





High Level 


Low level 


High Threshold 
Low Threshold 


to -3 V 
0to-1.5V 


-9 V to -24 V 
-4.2 V to -17 V 
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MOS/LSI SYSTEM COMPATIBILITY 



Relating to the translated power supplies as above this becomes: 





High Threshold 


Low Threshold 


vss 
Vdd 
Vgg 


+12 V 

OV 

-12V 


+5V 
OV 
-12 V 


High level 
Low level 


+9Vto+12 V 
+3Vto-12 V 


+3.5 V to +5 V 
0.8 V to -12 V 



In all cases the input of the MOS circuit will look like a very high impedance. The input compatibility is easily achieved 




SN7426 

OR OTHER OPEN 

COLLECTOR TTL 

GATE 



Jvgg _[v 



Vdd 



SN7400 

OR OTHER TOTEM 

POLE TTL GATE 



I Vgg J\ 



Vdd 



* The value of the R resistor varies depending on speed-power requirements. In many cases this resistor is diffused on the MOS 
!!!-^::/°'' '°'^'^'^'^*^°''^ ^^^ ^^^ '^^'^°' ^^'"'■^' *^^^ ^^^ worst-case TTL output is pulled up to at least 3.5 V for proper MOS 



circuit operation. 



3) OUTPUT COMPATIBILITY 

Three types of buffers are commonly used on MOS devices: 
• Single-ended open-drain 



Double-ended 
Push-pull 



a) Single-ended open-drain and double-ended 

The buffer is simply a current switch. In the "off" state the impedance of the buffer is extremely large while in the 
'on" state it is typically under 1 kf2. A discrete resistor or an MOS transistor may be used as a load with a single-ended open- 
dram buffer. This resistor or the transistor may be internal to the MOS circuit. When the load transistor is internal to the 
MOS circuit, the buffer is called a double-ended buffer. 



14-17 



MOS/LSI SYSTEM COMPATIBILITY 



-O OUTPUT 



'GG 



DATA- 



c 



-O OUTPUT 



DATA 



tVss 

SINGLE-ENDED 
OPEN-DRAIN BUFFER 




OUTPUT 



DOUBLE-ENDED 
OFEN-DRAiN SUi ■ ^n 
WITH LOAD RESISTOR 



DOUBLE-ENDED 
OPEN-DHAIN BUFFER 
WITH MOS LOAD TRANSISTOR 



In every case co 



mpatibility with MOS is easily achieved. For instance, a single-ended buffer with high-threshold MOS: 




R2 provides the necessary cur-ent sink for the TIL input; Ri limits the positive excursion to +5 V. If used for low-threshold 
MOS, Vss is translated up to +5 V instead of +12 V and Ri can be eliminated. If R2 is on the chip, no externa! components 



are necessary. 



-12 V 



I DATA 



c 



Vss 

I ^1 J 




I I 
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MOS/LSI SYSTEM COMPATIBILITY 



b) Push-pull buffer 

Two types are common: 




Vdd 



"• O OUTPUT 



VSS ▼ Vss 

SATURATED PUSH-PULL BUFFER UNSATURATED PUSH-PULL BUFFER 



The unsaturated push-pull buffer is the most commonly used for low-threshold circuits. It permits direct TTL compatibility 
without external components. It will also drive directly other low-threshold MOS circuits. This buffer type is used on most 
of the new MOS/LSI circuits produced by Tl. 



4) CLOCKS 

Depending on the circuit type, there are different clock requirements: 
No clocks - Static RAMs, ROMs, etc. 

1 clock — with other clocks generated internally 

2 clocks — most shift registers 

4 clocks - very high-speed low-power-dissipation shift registers 

a) One external clock 

An internal circuit generates the clocks from a single outside clock signal. The outside clock signal has the same swing as 
the data input signal and the compatibility is identical (see proceeding paragraph 3). 

Single-clock low-threshold MOS circuits will accept a TTL clock without adding components. 

b) Two or four clocks 

The clock signals must swing between Vss and VqG- To go from a single-TTL-level clock to a multiple-MOS-level clock, 
two circuits are required: 1 ) a clock generator to generate the necessary clock pulses, and 2) a clock driver to bring the clock 
levels to the required values. In most cases only one clock circuit is needed for an entire MOS/LSI system. 
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SHIFT REGISTERS 



In all digital equipment there is a need to temporarily store and transfer data. MOS shift registers are 
ideally suited for these applications, because they can store economically very large amounts of 
information. 



1) Basic Configuration 

MOS shift registers can be supplied in the following configurations: 
Serial-in/Seriai-out 
Parallel-in/Serial-out 
Seria!-in/Parallel-out 

-i-i -' — I '— /«r5^:«.i ol« »+ ^^.-.-Flrtt i»-'^+i'^»^ ic K\/ -Fpr +I-»Q nrtnc+ r\r*r»! ilpr 

An MOS shift register will be able to store N bits. Each bit is stored on a basic cell consisting of two 
MOS inverters and timing devices. 




2) Static or Dynamic 

Dynamic shift registers use two independent inverters (not cross-coupled). The data is temporarily 
stored on a capacitor inherent to an MOS device. The device can not be operated below a certain clock 
frequency, or the data storage will be lost. 

A static shift register operates the same way a dynamic shift register does, as long as the frequency is 
high. The two inverters used in a static shift register are the static type (unclocked loads). When the 
frequency falls below a certain level, a third phase is generated internally and this signal is used to close a 
feedback loop between the output of the second inverter and the input of the first one. 
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SHIFT REGISTERS 



Dynamic shift registers are faster than static registers and dissipate less power. They are not as flexible 
to use in a system. 

a) Static Shift Registers 

A static shift register uses two static MOB inverters. Three phases (clocks) are necessary for operation. 
The third-phase clock is always generated internally. The third phase times the feedback loop. The 
second-clock phase is often generated internally. 
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Vdd Vdd 



H 



Vqg Vdd 



i' 



<P2 



H 



T 



♦-> 



T* 



Y 



01 



02 



<t>3 



Basic cell of static shift register 



FEEDBACK LOOP 



Timing diagram for a 
static shift register 



A and B are storage nodes. The device operates dynamically except when 03 is On. ^3 is On when 
01=0 and 02 ~ ^ ^o*" rnore than 10 microseconds. 03 is delayed 4>2 generated by an inverter. Load devices 
are On all the time. The third phase is generated whenever 0-| stays at a logic and 0^ at a logic 1 for more 
than 10 microseconds. 




Static shift registers operate in the 0- to 2.5-MHz clock range. They are extremely flexible and data 
can be held indefinitely, as long as power is supplied. 
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b) Dynamic Shift Registers 

Dynamic shift registers use either two or four phases (clocks). These phases can be generated on the 
chip or be supplied externally. Two-phase shift registers can be classified as ratio and ratioless circuits. 

The two-phase ratio-type shift register consists of two simple dynamic inverters and of timing devices. 



Q2lj 



9 <i>t 



INPUT 



n 



L ?^2 

Q5 ]l ♦ 



-O Vdd 



•h 



l" 1 




HL Q4 



OUTPUT 



±C2 



01 



02 



U 



Basic cell for a dynamic shift register 



Timing diagram for a 2 phase dynamic shift register 



When 0-1 is at a logic level 1 (low) the capacitance C-] charges at the inverse of the data input. Data is 
transferred out when ^2 QO^s to 1. 

The two-phase ratioless dynamic shift register has been designed to decrease the power dissipation and 
the chip area. In a ratio-type circuit, current flows through the inverter when the clock and data input are 
simultaneously at a logic 1. There must be a certain minimum ratio between the size of the two MOS 
transistors in the inverters (typically>5:1). This will require more chip area than in a ratioless shift register, 
in which the MOS devices used are usually identical in size. 



9 01 



BASIC 
CELL 



O 02 



INPUT 




TIMING DIAGRAM 



■i- 01 



Two-phase ratioless dynamic shift register 

The two-phase ratioless dynamic shift register uses identical transistors throughout and can therefore 
work at higher clock rates because the precharging paths are of lower impedance than those in the ratio 
circuit. When 0i goes to '1' C2 charges to 'T via Q3, and C^ charges to the data input level via Q-]. When (p^ 
returns to '0', transistor Q2 turn On if the Input level was a '1 ' and discharges C2. For a '0' input, Q2 stays 
Off and C2 is not discharged. Now 02 goes to a '1 ' and turns on Q4 so that C2 shares any charge it has with 
C4. C3 is used to compensate for the loss of potential across C2 by introducing a small extra charge on the 
negative edge of (^2- It does not introduce enough to destroy a logic '0' on C2. When 02 returns to a '0', the 
charge on C4 transfers the data-input level to the Output. 
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Four-phase shift registers are used for very high density circuits operated at very high speed. 




o 'P^ 
hF Q6 



01 -jj- 

02 



u 



-►OUTPUT 



04 o— I Q5 



q>3 
04 



-I Q4 



)03 



Four-phase shift register basic cell and timing diagram 

In the basic four-phase dynamic shift register, C is precharged via Q-| during 0^. After 0-i, 0^ holds Qo 
On, so C takes a level which is the inverse of the input. The process is repeated by the Slave section 
Q4 - Qg so that the Input level is transferred to the Output after 03 and during 04. The stage uses similar 
transistors throughout, giving high package density. Power dissipation is low, speed can be high, but a 
relatively complex clock drive circuit is required. 

3) MOS Shift Registers from Tl 
CLOCK 



TMS 3000 LR 


2 


TMS 3001 LR 


2 


TMS 3002 LR 


2 


TMS 3003 LR 


2 


TMS3012JR/NC 


1 


TMS 3016 LR 


2 


TMS 3028 LR 


1 


TMS 3101 LC/NC 


2 


TMS 3102 LC/NC 


2 


TMS 3103 LC/NC 


2 


TMS3112JC/NC 


1 


TMS3113JC/NC 




TMS3114JC/NC 




TMS 3304 LR 


2 


TMS 3305 LR 


2 


TMS 3309 LR 


4 


TMS 3314 JR 


2 


TMS 3401 LC 


2 


TMS 3402 LC 


2 


TMS 3404 LC/NC 


2 


TMS 3409 JC/NC 


1 


TMS3412JC/NC 


2 


TMS 3413 LC/NC 


2 


TMS 3414 LC/NC 


2 



LOGIC 


POWER SUPPLY, 


FREQUENCY 


NUMBER OF BITS 


Static 


+14V,-14V 


- 1 MHz 


2X25 


Static 


+14 V, -14 V 


0-1 MHz 


2X32 


Static 


+14 V, -14 V 


0-1 MHz 


2X50 


Static 


+14 V, -14 V 


0-1 MHz 


2X100 


Static 


+14 V, -14 V 


0-1 MHz 


2X 128 (Accumulator 


Static 


+14 V, -14 V 


0-1 MHz 


2X16 


Static 


+14 V, -14 V 


0-1 MHz 


2X 128 


Static 


+6V,-12V 


0-2.5 MHz 


2X 100 


Static 


+5V, -12 V 


0-2.5 MHz 


2X80 


Static 


+5 V, -12 V 


0-2.5 MHz 


2X64 


Static 


+5V,-12V 


0- 1 MHz 


6X32 


Static 


+5V.-12V 


0-2.0 MHz 


2X 133 


Static 


+5V,-12V 


0-7.0 MHz 


2X 128 


Dynamic 


+14V,-14V 


10 kHz -5 MHz 


3X66 


Dynamic 


+14 V, -14V 


10 kHz -5 MHz 


3X64 


Dynamic 


+12V,-12V 


10 kHz -10 MHz 


2X512 


Dynamic 


+14 V, -14 V 


10 kHz -2 MHz 


3(60 + 4) 


Dynamic 


+5V, -12 V 


20 kHz -5 MHz 


1 X512 


Dynamic 


+5V,-12V 


20 kHz -5 MHz 


1 X500 


Dynamic 


+5V,-12V 




2X512 


Dynamic 


+5V,-12V 


10 kHz -25 MHz 


4X80 


Dynamic 


+5 V, -5 V 


10l<Hz-6MHz 


4X256 


Dynamic 


+5 V, -5 V 


10 kHz -6 MHz 


2X512 


Dynamic 


+5V,-5V 


10 kHz -6 MHz 


1 X 1024 
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4) Application 

MOS shift registers have met a very wide market acceptance. They have become extremely price 
competitive and are widely used for memories as well as to replace magneto-stricture and glass-delay lines. 



Typical Applications are: 



Data handling 
Refresh memories 
Buffer memories 
Scratch-pad memories 
Delay line 



Desk-top calculators 
Display systems 
Peripherals 
Radar systems 



The advantages of MOS shift registers over conventional delay lines and core storage are: 

Price 

Modularity 
Speed 

Physical size 
Physical integrity 
Temperature range 

In data handling applications, MOS shift registers can be used either in digit-serial/bit-serial mode or in 
digit-serial/bit-parallel mode. The latter offers the highest speed of operation but increases the cost of 
hardware. 



In the digit-serial/bit-parallel mode it is convenient to store one digit in a small separate register for 
operations such as carry correction, loop equalization, and shift. This is achieved in devices such as the 
TMS 3314 JR triple-60 plus triple-4 shift register. 

Any N-bit shift register can be used as a refresh memory by returning outputs to inputs as shown. A 
particular bit of information is available at the output every 



N 



clock frequency 



seconds. 



This is particularly useful for renewing fading displays such as CRT character-generator systems. New data 
is written in via a 2-way input gate circuit. 
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WRITE/RECIRCULATE CONTROL 



NEW DATA 




DATA OUT TO CHARACTER 
GENERATOR. ETC. 



USE LONGER SHIFT V • 

REGISTERS FOR ^°° ^ ^HIFT REGISTER 

MORE WORDS PER BIT OF WORD LENGTH 



Shift registers used as refresh memory 

By adding an address counter and comparator in the refresh memory, It becomes a "scratch pad" 
memory. Data can be written into and read out of any point specified by the input address code. An output 
register is necessary to store the required output data and to provide a 1-bit delay so that the Read address 
is the same as the Write address because there is a 1-bit delay between output and input. 



DATA IN 



{ 



GATE 



NBITSR 



GATE 



0/P 
REGISTER 



N BIT SR 



\k 



CLOCK INPUT 



O/P 
lEGISTER 



CLOCK 
GEN. 



} 



DATA OUTPUT 



GATE 



N BIT COUNTER 

iiiiniiiiii ■ 



N BIT CO MPARATOR 

Allllllllili — 



N BIT ADDRESS 



WRITE 
READ 



Shift registers used as scratch pad memory 
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5) Clocking the Shift Registers 

Most of the new shift registers designed by Texas Instruments feature total TTL compatibility. A 
clocl< driver is included on the chip and the clock line is driven directly by TTL. For examples of this 
rnnfiniiratinn <:Pfi the snGcif ications for the TMS 3314 JC/NC and the TMS 3409 JC/NC. 




Older circuits use two clock lines with a Vqq swing. The user must: 

• Generate the clocks 

• Level shift the clocks 
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Generating the two nonoverlapping clocks is a sinnple matter, easily accomplished through a D-type flip-flop. 































^ ^ 




+5 









D 


Q 












Q 






TTL CLOCK 


C , y « 


OPEN COLLECTOR 
(SEE CLOCK DRIVER) 












SN7474 






SN7401 



This arrangement is favorable because Q and Q will be of opposite polarities when the TTL clock is 
stopped and this allows static storage in static shift registers. 

Should four phases be generated, the user would connect two D-type flip-flops as a Johnson counter. 

Once the clocks are generated, the voltage level must be shifted to the appropriate value. 
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This can be achieved easily as shown In the illustration below. The clock driver circuit is used to drive 
a capacitive load (clock lines capacitance) between +V and —V. 



FROM CLOCK 
GENERATOR 



H^ 




I ZENER INPUT I 
I for+V = +12V i 
I or +V = +14 V I 



Rl = 1 kn at 5 V, 4.7 kfi at +12 V 

VOLTAGE SWING 
"2~ PEAK CURRENT 

C = CLOCK CAPACITY 



;R2 



-O+V 



TO MOS CIRCUITS 



-O-V 



PEAK CURRENT = C 



CLOCK SWING 
RISE TIME 



Typical clock driver circuits 
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TMS 3000 LR-DUAL 25-BIT STATIC SHIFT REGISTER 
TMS 3001 LR-DUAL 32-BIT STATIC SHIFT REGISTER 



featu 



es 



Static logic 

DC to 1 MHz operation 
Low power dissipation 
Push-pull output buffers 
TTL compatible 



description 

The TMS 3000 LR and TMS 3001 LR are dual static shift registers. Each device contains two dc-to-1-MHz shift regis- 
ters with independent input and output terminals and common clocks and power. MOS thick -oxide technology is used 
to fabricate cross-coupled flip-flops for each register bit so that data can be stored indefinitely. Transistors in the 
device are P-channel enhancement-mode type. All input leads have zener network protection and all outputs contain 
low-output-impedance, non-inverting push-pull output buffers. 

Two power supply levels and two clocks are required for operation with a third clock generated internally. Data is tran- 
sferred into the register when the <j>-\ clock is pulsed to logic 1 . Data is shifted when the 0i clock is returned to logic 
and the <A2 clock is pulsed to logic 1 . Output data appears on the logic to logic 1 transition of the 02 clock. For long 
term storage, the 0i clock must be held at logic and the 02 clock at logic 1 . 

mechanical data and pin configuration 

The TMS 3000 LR and TMS 3001 LR are mounted in TO-100 packages. (See MOS/LSI packaging section.) 




PIN NO. 
1 
2 
3 
4 
5 



FUNCTION 


PIN NO. 


Input 1 


6 


Output 1 


7 


Vdd 


8 


Clock 01 


9 


GND (Vss) 


10 



FUNCTION 
Clock 02 

vgg 

Output 2 

Input 2 

No connection 



BOTTOM VIEW 

logic definition 

Negative logic is assumed 

a) Logic 1 = most negative voltage 

b) Logic = most positive voltage. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -30 V to 0.3 V 

Supply voltage Vqg range (See Note 1) -30 V to 0.3 V 

Phase one clock input voltage V01 range (See Note 1) -30 V to 0.3 V 

Phase two clock input voltage V02 range (See Note 1) -30 V to 0.3 V 

Data input voltage V I range (See Note 1) -30 V to 0.3 V 

Power dissipation 450 mW 

Operating free-air temperature range — 55°C to 85°C 

Storage temperature range -55°Cto150°C 

NOTE 1 : These voltage values are with respect to network ground terminal, Vss- 



PRELIMINARY DATA SHEET: 
Supplementary data will be 
published at a later date. 
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recommended operating conditions 



CHARACTERISTICS 



Supply voltage Vqd 



Supply voltage Vqq 



Logic data input voltage Vj(o) (See Note 2) 



Logic 1 data input voltage Vj(i) (See Note 2) 



Width of data pulse, tpijata) (See voltage waveforms) 



Data setup time, tgetup (See voltage waveforms and Note 3) 



Data hold time, t^old 'See voltage waveforms and Note 4) 



Logic clock input voltage V|j)0(clock) '■^^^ ivioies z ano d; 



Logic 1 clock input voltage V^Kdock) (See Notes 2 and 5) 



Rise time of clock pulse, tr(ciock) (See voltage waveforms) 



Fall time of clock pulse, tf(ciock) (See voltage waveforms) 



0^ clock pulse width, tp(0-]) (See voltage waveforms) 
02 clock pulse width, tp(02) (See voltage waveforms) 



Time interval from 0i clock to 02 clock input pulse, t0-|2 (See waveforms and Note 5) 



Time interval from 02 clock to 0-| clock input pulse, t(j)2i (See waveforms and Note 5) 
Clock repetition rate 



-12 



-24 



-9.5 



0.4t 



100 



20 



0.3t 



0.01 







NOM 



MAX 



-29 



-29 



MHz 



NOTES: 2. These voltage values are with respect to network ground terminal, Vss- 

3. Setup time is the interval immediately preceeding the positive-going edge of the phase 1 clock during whichperiod the data to be 
recognized must be maintained at the input to ensure its recognition. 

4. Hold time is the interval immediately following the positive-going edge of the phase 1 clock during which.period the data to be 
recognized must be maintained at the input to ensure its recognition. 

5. The two clock pulses must never be simultaneously more than 3 volts more negative than Vgs- 
^ These values are at Vqo = "1* ^' ^GG ° ^28 V, and T/v = 25°C. 

electrical characteristics over operating free-air temperature range (unless otherwise noted) 



PARAMETER TEST CONDITIONS^ 


MIN 


TYP* 


MAX 


UNITS 


l|L Logic 1 input current into data input 


V| = -20V, T° = 25°C 






0.5 


mA 


Logic 1 input current into either clock 
'"-(0) input 


V| = -28V, Vgg = OV, 
T° = 25°C 






50 


mA 


Vqh Logic output voltage 


IO = 0mA, Cl = 20pF 




0.3 


-1 


V 


IO = 2mA, CL = 20pF 




-2.6 


-5 


V 


IO = 0mA, Vdd = -12V, 

Vpg=-24V 




-0.5 


-1 


V 


Vol Logic 1 output voltage 


IO = 0, CL = 20pF 


-12 


-13.5 


-14 


V 


Iq =0.5 mA 


-10.5 


-12.5 


-14 


V 


IO = 0mA, Vdd = -12V, 
Vgg = -24V. V^,V^L = -24V, 
Cl = 20pF, Vin(i) = -8.5V, 
Vin(0) = -2V 


-8.8 


-10.5 


-12 


V 


Rqh Output resistance, logic 


Iq = -2.0 mA 




1.5 


2.5 


kfi 


Rql Output resistance, logic 1 


l0 = 0.5 mA 




1.5 


7 


kn 


IdD Supply current from Vqd terminal* 


TMS 3000 LR, T° = 25°C 




-14 


-20 


mA 


TMS 3001 LR, T° = 25°C 




-16 


-24 


mA 


Iqg Supply current from Vqq terminal* 


TMS 3000 LR, T° = 25°C 




-2 


-3.5 


mA 


TMS 3001 LR, T° = 25°C 




-2 


-3.5 


mA 


^max Maximum clock frequency 




1 






MHz 



f Unless otherwise noted, voltages are as shown in the nominal column of the recommended operating conditions (nominal operating voltages), 
t All typical values are at Ta = 25°C. 

Current into a terminal is a positive value. ^^^^_^^^^^_^_^___^^^^^^^_^^^^^_,^_^^^^^^^^^^^^^^^^_^^^,^^_ 
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switching characteristics, Vdd = -14 V, Vqq = -28 V, RL=10mJ2, Cl = 20 pF, T^ = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Propagation delay time to high level 

tndO 

^ from 02 clock to data output 


See voltage waveforms 




325 


475 


ns 


Propagation delay time to low level 

tndl 

'■^ from 02 clock to data output 


See voltage waveforms 




325 


475 


ns 


Cjn(0i) Capacitance of 0i clock input 


V| =0V, 
V|(02)=OV, 
f = 1 MHz 


TMS 3000 LR 




8 


12 


pF 


TMS 3001 LR 




11 


15 


pF 


Cin(02) Capacitance of 02 clock input* 


V|=OV, 
V|(01)=OV, 
f =1 MHz 


TMS 3000 LR 




15 


20 


pF 


TMS 3001 LR 




20 


30 


pF 


Cjn Capacitance of data input 


V|=0, f=1MHz 




5 


7 


pF 



Cjn{rf)2) includes the capacitance of the internal 02 clock. 



voltage waveforms 



DATA INPUT 



,^V(data) ^ 



-10 V > 1 

'**\ thold tf(clock) 



^setup I 



01 CLOCK 



HM 



VlH(data) 
V|L(data) 



tr(clock) 



V|H (clock) 




02 CLOCK 



-5^ 



V|L(ciock) 



Vol 



LINE IS CONSIDERED SOLID WHEN RELATED TO DATA INPUT, AND BROKEN BY 25/32 BIT TIME 
INTERVAL WHEN RELATED TO DATA OUTPUT. 
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TMS 3000 LR-DUAL 25-BIT STATIC SHIFT REGISTER 
TMS 3001 LR-DUAL 32-BIT STATIC SHIFT REGISTER 

typical characteristics 



-5 



< 
E 

h- 
Z 
Ul 

oc 
cc 

3 -4 

u 



LOGIC OUTPUT VOLTAGE 

vs 

LOAD CURRENT 



LOGICO OUTPUT VOLTAGE 

vs 
FREE AIR TEMPERATURE 



> -2 - 



Z 
^ 



+5 _ 



C +4 

GC 
3 
U 

a. 

O 
_i +2 



2 +1 

o 



-° 



_ 




Ta = +25°C 


Vdd = -15 V 


Vdd = 


-14 V 


Vgg = -29 V 


vgg = 

//// 

// y/ 


-28 V 


"7/ 


r/ 


V§b = -12V 


/ 


/ 


Vgg = -24 V 


-/ 


1 


1 1 



-5 -10 -15 

Vqh - LOGIC OUTPUT VOLTAGE - V 

LOGIC 1 OUTPUT VOLTAGE 

vs 

LOAD CURRENT 

Ta = +25°C 

Vdd = -12 V Vdd = -14 V Vdd = -i5v 
Vgg = -24 V Vgg = -28 V Vgg = -29 v 




z 
o 
z 
I 

z 
o 
> 









Vdd = -14 V 






^^ 


- 




Vgg = -28 V 






10 


- 


'0 = 


-4 mA 






-5 


1 




Iq = -2 tnA 


'ff = 


-1 mA 





1 


1 


1 



-75-55 +85 +125 

Ta - FREE-AIR TEMPERATURE - °C 

LOGIC 1 OUTPUT VOLTAGE 

vs 
FREE AIR TEMPERATURE 



-5 -10 

Vol - LOGIC 1 OUTPUT VOLTAGE - V 



-15 



O 

> 



15 


- 


lO 


= +1 mA 






--lrj = +VmA 


10 


- - 





Iq = +4 mA 


-5 


- 




Vdd = -14 V 
Vgg = -28 V 





1 




1 1 1 



-75-55 +85 +125 

Ta - FREE-AIR TEMPERATURE - °C 



typical application data 

1) MOS/TTL interface 

With proper supply voltages, interfacing can be achieved with only three resistors. A typical MOS/TTL interface is shown 
below. 

An input pull-up resistor is required to provide the necessary input voltage swing. The value of this resistor (R) depends 
on the actual circuit requirements — values as low as 1 kl2 can be used for high-speed operation, while values as high as 
15 VSl can be used when low power consumption is important rather than high-speed. 
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typical application data (continued) 



DATA 
INPUT 



5V 



r 



i__. 



L 




I 

-J 

SN7426 



CLOCK 
DRIVER 



DATA 
INPUT 



14 V 

p 



<l>^ <t>2 Vss 

CLOCK CLOCK 

TMS 3000 LR OR 
TMS 3001 LR 

VgG Vdd 



-14 V — 



t-WAr- 

3.9 k$7 



K 



5V 



i_ 




DATA 
OUTPUT 



DATA ] kn _J_ SN7400 

OUTPUT 

-14 V 



At the output interface, the 9.1-kJ2 resistor sinks the 1.6 mA of TTL gate current when volts is required on the TTL 
input. When 3 volts is required on the TTL input, the MOS output device supplies current from 14 volts, through the 
3.9-kS2 resistor and the 9.1-kS2 resistor, to -14 volts. The 3.9-ki2 resistor limits the voltage at the TTL gate input to 
5 volts maximum. 

2) Two-phase clock generator 



MASTER CLOCK IN o- 



^2 CLOCK 



^^ CLOCK 



SN7400 SN7416 




02 CLOCK TO CLOCK DRIVER 



Q 
-dCLOCK 

Q 



SN7473 (SEE NOTE A) 




<t>^ CLOCK TO CLOCK DRIVER 



_n 



8N7400 SN7416 



n_ 



NOTE A: THE J. K, AND CLEAR INPUTS ARE TIED TO VCC THROUGH A 2 kn AeStSTOR. 
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expansion to single 50- or 64-bit register 



CLOCK 
DRIVERS 



DATA INPUT O- 



<l>1 CLOCK 02 CLOCK 
DATA INPUT 1 



VSS 

DATA OUTPUT 2 



TMS 3000 LR OR TMS 3001 LR 
DATA INPUT 2 DATA OUTPUT 2 



-28 V 



-14 V 



-O DATA OUTPUT 



schematic (each register) 



02' , FIRST BIT 

-*4< 



GENERATOR 



H 



LAST BIT 



BUFFER 



Vqg Vdd 

9 9 



DATA 




5 



w J 



02 

i 




^ 0" i 



W 



V- 



VssBUS 
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features 



Static logic 

DC to 1 MHz operation 
Low power dissipation 
Push-pull output buffers 
TTL compatible 



description 



The TMS 3002 LR and TMS 3003 LR are dual static shift registers. Each device contains two dc-to-1-MHz shift regis- 
ters with independent input and output terminals and common clocks and power. MOS thick -oxide technology is used 
to fabricate cross-coupled flip-flops for each register bit so that data can be stored indefinitely. The transistors in the 
device are the P-channel enhancement-mode type. All input leads have zener network protection and all outputs con- 
tain low-output-impedance non-inverting push-pull output buffers. 

Two power-supply levels and two clocks are required for operation, with a third clock generated internally. Data is 
transferred into the register when the 0i clock is pulsed to logic 1 . Data is shifted when the 0i clock Is returned to logic 
and the 02 clock is pulsed to logic 1 . Output data appears on the logic to logic 1 transition of the 02 clock. For 
long-term storage, the (pi clock must be held at logic and the 02 clock at logic 1 . 

mechanical data and pin configuration 

The TMS 3002 LR and TMS 3003 LR are mounted in TO-100 packages. (See MOS/LSI packaging section.) 




LEAD NO. 


FUNCTION 


LEAD NO. 


FUNCTION 


1 


Input 1 


6 


Clock 02 


2 


Output 1 


7 


vgg 


3 


Vdd 


8 


Output 2 


4 


Clock 01 


9 


Input 2 


5 


GND (Vss) 


10 


No connection 



BOTTOM VIEW 



logic definition 



Negative logic is assumed. 

a) Logic 1 = most negative voltage 

b) Logic = most positive voltage 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd (See Note 1) -30 V to 0.3 V 

Supply voltage Vqg range (See Note 1) -30 V to 0.3 V 

Phase one clock input voltage V01 range (See Note 1) — 30 V to 0.3 V 

Phase two clock input voltage V(^2 range (See Note 1 ) —30 V to 0.3 V 

Data input voltage V I range (See Note 1) -30 V to 0.3 V 

Power dissipation 450 mW 

Operating free-air temperature range —55 C to 85 C 

Storage temperature range —55 C to 150 C 

NOTE 1 : These voltage values are with respect to network ground terminal, Vss- 
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recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage V^p 


-12 


-14 


-15 


V 


Supply voltage Vqq 


-24 


-28 


-29 


V 


Logic data input voltage Vj(o) (See Note 2) 


0.3 





-2 


V 


Logic 1 data input voltage Vji^) (See Note 2) 


-9.5 


-14 


-29 


V 


Width of data pulse, tp(data) 'See voltage waveforms) 


0.4t 






flS 


Data setup time, tgetup (See voltage waveforms and Note 3) 


100 






ns 


Data hold time, thold (See voltage waveforms and Note 4) 


20 






ns 


Logic clock input voltage V^o(clock) (See Note 2 and 5) 


0.3 





-2 


V 


Logic 1 clock input voltage V0i (dock) (S^e Note 2 and b) 


-24 


-2» 


-29 


V 


Rise time of clock pulse, tr(clock) (See voltage waveforms) 







5 


US 


Fall time of clock pulse, tf(ciock) (See voltage waveforms) 






5 


US 


01 clock pulse width, to(<i)l) (See voltage waveforms) 


0.3t 




lot 


MS 


02 clock pulse width, tp(02) (See voltage waveforms) 


0.4t 




OOf 


MS 


Time interval from 0i clock to 02 clock input pulse, t^i 2 (See waveforms and Note 5) 


0.01 




10 


MS 


Time interval from 02 clock to 0i clock input pulse, 1^21 (See waveforms and Note 5) 


0.01 




10 


MS 


Clock repetition rate 







1 


MHz 



NOTES: 2. These voltage values are with respect to network ground terminal, Vgs. 

3. Setup time is the interval immediately preceeding the positive-going edge of the phase 1 clock pulse during which interval the data 
to be recognized must be maintained at the input to ensure its recognition. 

4. Hold time is the interval immediately following the positive-going edge of the phase 1 clock pulse during which interval the data to 
be recognized must be maintained at the input to ensure its recognition. 

5. The two clock pulses must never be simultaneously more than 3 volts more negative than Vgg. 
^ Thesevaluesareat Vdd= -14 V, Vqq = _28 V, and T^ = 25°C. 

electrical characteristics over operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS^ 


MIN 


TYP^ 


MAX 


UNITS 


'iL Logic 1 input current into data input 


V| = -20 V, T° = 25°C 






0.5 


mA 


'lL(0) Logic 1 input current into either clock input 


V| = -28V, Vgg=OV 
T° = 25°C 






50 


mA 


Vqh Logic output voltage 


Iq = mA, Cl = 20 pF 




0.3 


-1 


V 


Iq = 2 mA, Cl = 20 pF 




-2.6 


-5 


V 


IO = 0mA, Vdd = -12V, 
Vqq = -24V 




-0.5 


-1 




Vol Logic 1 output voltage 


IO = 0mA, CL = 20pF 


-12.0 


-13.5 


-14 


V 


Iq = 0.5 mA 


-10.5 


-12.5 


-14 


V 


IO = 0mA, Vdd = -12V, 
Vgg = -24 V, V0,V0L = -24V, 
CL = 20pF, Vin(i,.-8.5V 
Vin(O) = -2 V 


-8.8 


-10.5 


-12 


V 


Rqh Output resistance, logic 


Iq = -2.0 mA 




1.5 


2.5 


kn 


Rql Output resistance, logic 1 


Iq = 0.5 mA 




1.5 


7 


kn 


'DD Supply current from Vqq terminal! 


TMS 3002 LR, T° = 25°C 




-8.5 


-15 


mA 


TMS 3003 LR, T° = 25°C 




-16 


-26 


mA 


IqG Supply current from Vqq terminal! 


TMS 3002 LR, T° = 25°C 




-2 


-3 


mA 


TMS 3003 LR, T° = 25°C 




-2 


-3 


mA 


^max Maximum clock frequency 




1 






MHz 



Unless otherwise noted, voltages are as shown in the nominal column of the recommended operating conditions (nominal operating voltages). 
^ All typical values are at T^ = 25°C. 
§ Current into a terminal is a positive value. 
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itching characteristics, VpD = -14 V, Vqq = -28 V, RL=10mO, Cl = 20 pF, T^ = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Propagation delay time to high level 
^ from 02 clock to data output 


See voltage waveforms 




250 


400 


ns 


Propagation delay time to low level 
P^^ from <t>2 clock 


See voltage waveforms 




250 


350 


ns 


^in(0l) Capacitance of 01 clock input 


V| =ov, 

V|(02)=OV, 
f = 1 MHz 


TMS 3002 LR 




18 


23 


pF 


TMS 3003 LR 




28 


33 


pF 


Cjn(02) Capacitance of 02 clock input* 


V| =0V, 
V|(01)=OV, 
f=1 MHz 


TMS 3002 LR 




30 


35 


pF 


TMS 3003 LR 




53 


60 


pF 


Cjn Capacitance of data input 


V|=0, f=1MHz 




5 


7 


pF 



Cjn(02) includes the capacitance of the internal 02 clock. 



voltage waveforms 



^p(data) 



DATA INPUT 



-10 V H> n- 



tsetup 



OV 



0^ CLOCK 



90% _ 
-28 V — 




thoW *f(clock) 



10% _1 _J[ — — _ 



< — ► 



*012 



OV 



10% 



z^-trr:r 



|^<02)| ,^^21 ^ 



02 CLOCK 



90% 

-28 V 




V|H(data) 
V|L(data) 



Vjdock) 




V|H(clock) 



*p{01) 



V|L(clock) 
tf(clock>~H *" "* r*~tr(clock) 



tpdl 



OV 



DATA OUTPUT 



10% 

90% 




V|H(clock) 



V|L(ctock) 






VOH 

Vol 



\ \ LINE IS CONSIDERED SOLID WHEN RELATED TO DATA INPUT, AND BROKEN BY 

50/100 BIT TIME INTERVAL WHEN RELATED TO DATA OUTPUT. 
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typical characteristics 

LOGIC OUTPUT VOLTAGE 



< 
E 

I -5 



cc 
|_4 

u 

I- 
D 
O 



6 -Ik 

I 



_ 


LOAD CURRENT 


Ta = 


- +25°C 


_ Vgg = 


-15 V Vdd 

-29 V Vgg 

\ //// 


= -14 V 
= -28V 






/ 


f 


Vdd=-12V 
'Vgg = -24 V 






J 


f 

i 


1 







3 +3 

Q. 
I- 

D 
O 
-I +2 



5+1 
O 



-5 -10 

VoH - LOGIC OUTPUT VOLTAGE - V 



LOGIC 1 OUTPUT VOLTAGE 

vs 

LOAD CURRENT 



T^ = +25°C 



Vdd = -12 V Vdd = -14 V Vdd = -''5v 

Vgg = -24 V Vgg = -28 V . Vgg = -29V 




\ w 



Vol 



-5 -10 

LOGIC 1 OUTPUT VOLTAGE 



LOGIC OUTPUT VOLTAGE 

vs 

FREE AIR TEMPERATURE 



Vr,r. = -14V 




O 
> 



-75 -55 +85 +125 

Ta - FREE-AIR TEMPERATURE - °C 



LOGIC 1 OUTPUT VOLTAGE 



FREE AIR TEMPERATURE 



15 


- 


Iq = +1 mA 






10 




Vdo = -14V 


-5 


- 


Vgg = -28 V 





1 


1 1 1 



-75 -55 +85 +125 

Ta - FREE-AIR TEMPERATURE - °C 



SUPPLY CURRENT 
FROM Vdd SUPPLY 



SUPPLY CURRENT 

FROM Vdd supply 



-25 
-20 
-15 
-10 
-5 




DRAIN POWER SUPPLY VOLTAGE 
(TMS 3003 LR) 



Vgg = -29 V 

Vgg = -28 V 
Vgg = -24 V 




-5 -10 -15 -20 

Vdd - SUPPLY VOLTAGE - V 



OC -15- 



FREE-AIR TEMPERATURE 
(TMS 3003 LR) 




-75 -55 +85 +125 

Ta - FREE-AIR TEMPERATURE - °C 
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typical characteristics (continued) 



SUPPLY CURRENT FROM Vqq SUPPLY 

vs 

FREE-AIR TEMPERATURE 



2.5 


- 


Vdd = -14V,Vgg = -28V 


2.0 


- 


"""^^--^,^^^^ 


1.5 


- 


^^-^ ^Z][^ 


1.0 


- 


Vdd = -12V,Vgg = -24V 


0.5 


- 




n 


1 


I 1 1 



-75 -55 +85 +125 

Ta - FREE-AIR TEMPERATURE - °C 



I 300 



Z 
I- 
Q 

I s 

— UJ 
.E M 



s 

z 



MINIMUM CLOCK PULSE WIDTH 



FREE-AIR TEMPERATURE 



Vdd = -12 V, Vgg = -24 V 




250 
200 

150 
100 

50 



-75-55 +85 +125 

Ta - FREE-AIR TEMPERATURE - °C 



tp(02) 



Vdd = -14 V. Vgg = -28 V tp,^i, 
Vdd = -12 V, Vgg = -24 v ^^ 



typical application data 

With proper supply voltages, interfacing can be achieved with only three resistors. A typical MOS/TTL interface is shown 
below. 



14 V 
O 



DATA 
INPUT 



I SN7426 



CLOCK 
DRIVER 



DATA 
INPUT 



01 02 Vss 

CLOCK CLOCK 

TMS 3002 LR OR 
TMS 3003 LR 

Vgg Vdd 



"FT 




I SN7400 



An input pull-up resistor is required to provide the necessary input voltage swing. The value of this resistor (R) depends 
on the actual circuit requirements — values as low as 1 kl2 can be used for high-speed operation while values as high as 
15 kfi can be used when low power consumption is important rather than high-speed. 



At the output interface, the 9.1-kfi resistor sinks the 1 .6 mA of TTL-gate current when volts is required on the TTL 
input. When 3 volts is required on the TTL input, the MOS output device supplies current from 14 volts, through the 
3.9-kS2 resistor and the 9.1-kS2 resistor to -14 volts. The 3.9-kS2 resistor limits the voltage at the TTL gate input to 5 
volts maximum. 
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two-phase clock generator 



MASTER CLOCK IN O i ► 



(^2 CLOCK 



SN7400 SN7416 




<i>2 CLOCK TO CLOCK DRIVER 



Q 

CLOCK 

Q 



SN7473 (SEE NOTE A) 



u 



i_IrL_rLL 



01 CLOCK TO CLOCK DRIVER 



01 CLOCK { I I I j I 

NOTE A. THE J, K, AND CLEAR INPUTS ARE TIED TO VCC THROUGH A 2 kn RESISTOR. 



expansion to single 100- or 200-bit register 



clcx:k 

DRIVER 



DATA INPUT O- 



& 



«1 CLOCK 02 CLOCK 
DATA INPUT 1 



Vss 

DATA OUTPUT 1 



TMS 3002 LR 

OR 
TMS 3003 LR 



data input 2 
Vgg 



data output 2 
Vdd 



J 



A' 

-14 V 



-O DATA OUTPUT 



schematic (each register) 



«2 I FIRST BIT 

^ 



GENERATOR 



Vgg Vdd 
Q 9 



H K 



fUFFER 




^y 5 




S 



^d fi 




tr ' 



¥ 



-Vss BUS 
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MOS TMS 3012 JC, NC-DUAL 128-BIT ACCUMULATOR 

LSI TMS 3028 LC-DUAL 128-BIT SHIFT REGISTER 



features 



256 bits of storage > 

Single clock phase .*< 

Static logic >j 

TTL compatible 

DC to 1 MHz operation 

Push-pull output buffers 

16-pin dual-in-line package (TMS 3012 JC/NC) 

Recirculating control logic (TMS 3012 JC/NC) 



description 



The TMS 3012 JC/NC consists of two separate 128-bit static shift registers with independent input and output terminals 
and logic, within the circuit, for loading and recirculating information. Two power supplies and one external clock are 
required for operation. Three clocks are generated internally. Cross-coupled flip-flops are used to implement each bit 
of delay and enable data to be stored indefinitely between two clock pulses. The entire device is constructed on a 
single monolithic chip using thick-oxide techniques and MOS P-channel enhancement-mode transistors. A unit mounted 
in a 16-pin hermetically sealed ceramic dual-in-line package is designated "JC". "NC" is the designation for a unit 
mounted in a 16-pin plastic package. 

The TMS 3028 LC is identical to the TMS 3012 JC/NC except for the fact that recirculate logic is not included on the 
chip and that the device is mounted in a TO-100 package instead of a dual-in-line package. 

operation 

Transferring data into the register and shifting the data in the register are accomplished when the 0||\i clock is at a 
logic 1; for long-term data storage, the 0|n clock must be held at logic 0. Output appears on the positive-going edge 
of the 0||\| clock pulse. 

logic definition 

Negative logic is assumed. 

a) Logic 1 = most negative voltage 

b) Logic = most positive voltage 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage VdD range* -30 V to 0.3 V 

Supply voltage VgG range* -30 V to 0.3 V 

Clock and data input voltage ranges* -30Vto0.5^V 

Operating free-air temperature range -55 C to 85^C 

Storage temperature range -55 C to 150 C 

* These voltage values are with respect to substrate terminal. 
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functional diagram for TMS 3012 JC/NC 



RECIRCULAl 
INPUT A I 



RECIRCULATE 
CONTROL A 



© 



INPUT A 



RECIRCULATE 
INPUT B 



^ RECIRCULATE 
/0»CONTROLB 




OUTPUT A 



■d) 



OUTPUT B 



-Q 



CLOCK 0||g 

@ X DENOTES PIN NUMBER 



recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage Vop 


-13 


-14 


-15 


V 


Supply voltage Vqq 


-27 


-28 


-29 


V 


Width of data pulse, t(ciata) 'See voltage waveforms) 


0.4 




10 


MS 


Width of clock pulses: tn( Logic 1) 

See voltage waveforms 
tp( Logic 0) 


0.4 
0.4 




5 

°9 


MS 
MS 


Rise time of clock pulse, tr(ciock) (See voltage waveforms) 






5 


MS 


Fall time of clock pulse, tf(ciock) 'See voltage waveforms) 






1 


MS 


Clock repetition rate 







1 


MHz 


V|n(i)* Data/Recirculate Control Logic 1 voltage 


-9 


-14 


-15 


V 


^in(O)* Data/Recirculate Control Logic voltage 








-2 


V 


^in(1)0* Logic 1 clock input voltage 


-£r 


-14 ^ 


-15 


V 


^in{0)<l>* Logic clock input voltage 








-2 


V 


Data change time before clock change to (t^b) 


0.2 






MS 


Data change time after clock change to (tja) 


0.2 






MS 


Recirculate control change time before clock change to (tfi-,) (See Note 2) 


0.3 






MS 


Recirculate control change time after clock change to (tra) (See Note 2) 


0.3 






MS 



NOTES: 1. All voltages are with respect to Vss- 
2. TMS 3012 JR only. 

To ensure correct data loading, the Input should reach the desired level at least time t^b before the clock goes to logic 0, and should remain 
at that level for a time t^a after the clock has changed to 0. Similarly, the recirculate control input should not change state for a period trb 
before and t^g after the clock change from logic 1 to logic 0. 
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electrical characteristics at nominal operating conditions and 25° C 



PARAMETER 


TEST CONDITIONS^ 


MIN 


TYP+ 


MAX 


UNITS 


^out(l) Logic 1 output voltage 


Rl = 10kn to Vss 


-11 


-13 




V 


^out(O) Logic output voltage 


Rl = lOknto Vss 




-0.3 


-1 


V 


Ijn(l) Data input, leakage current 


Vin = -20 V 






-0.5 


>^A 


'in(1)(i) Clock input, leakage current 


Vin^ = -20 V, Vgg = 






0.5 


mA 


Zgut Output impedance to ground 


Vout = to -1 V 




0.7 


1.5 


kn 


Iqd Supply current into Vqd terminal 


Vdd = -15V, Vgg = -29 V 




-23 


-30 


mA 


IqG Supply current into V(3g terminal 


Vdd = -15V, Vgg = -29 V 




-3 


-5.5 


mA 



■f Unless otherwise noted, Rl = 10 kfl, and Ci_ = 10 pF. 
' All other pins are at Vss 

dynamic electrical characteristics, V^p = —14 V, Vqq = —28 V, T^ = 25° C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Propagation delay time to logic 1 

tpdl 

level from clock ip to data output 


Rl = 10 kfi to ground, Ci_ = 10 pF 




500 


700 


ns 


Propgation delay time to logic 

tpdO 

level from clock <p to data output 


Rl = 10 kn to ground, Cl = 10 pF 




400 


600 


ns 


Cj^ Capacitance of data input 


Vjn = 0, f = 1 MHz, Ta = 25°C 




3 


5 


pF 


Cjn0 Capacitance of clock input 


Vin<|) = 0, f = 1 IV1Hz,Ta = 25°C 




5 


7 


pF 



interface circuits 

a) TTL/DTL 




CLOCK 



DATA/CONTROL 

-• 



TMS 3012 JC/NC 

OR 

TMS 3028 LC 



^SS I VPD 



J^ 



5.1 kn 

-• — AAAr^ 



Vgg 



SN7400 



p — o 



9.1 kn 



-14 V 



+14 V 



Select R for speed and power requirements. 

b) MOS 

No external connponents are required. 
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voltage waveforms (TMS 3012 JC/NC only) 









trb 


1 

1 


1 
1^ 


''' J 










RECIRCULATE 
CONTROL INPUT 



1 


\" 




\ 


1 
1 

1 


h '^ .J 1 

1 1 1 


1 


7 
/ 


1 

\ 




1 

1 


1 
1 




CLOCK INPUT 


1 


1 


.L 




1 VJ 


tdbU- 

1 




1 
1 




-M 


U — V — ^ U — t0f 
1 


r 
1 

1 

1 




DATA INPUT 




1 


\ 


/ 


t(data) 
THE WO 






! 

! 

r — -1 


-H 






1 

L 


tpdi 1 


r 


.1 


DATA OUTPUT 











1 
1 


^ 


\j 




1 








1 


ALUES OF 


TIMES ARE MEAS 


iURE 


ED AT 109 


& Ar 


4D9( 


)%V 


RSTC/ 


^SE LOGIC 


1 AND LOGIC LEVELS. 



mechanical data 

The TMS 3012 is available in both a 16-pin hermetically sealed ceramic dual-in-line package (JC) and a 16-pin plastic 
package (NC). The packages are designed for insertion in mounting-hole rows on 0.300-inch centers. (See MOS/LSI 
packaging section.) 



iC 


.u 


D 16 


c 




=1 




TOP 
VIEW 


3 


c 




H 


c 




H 


8C 




119 




PIN NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


No connection 




9 


Clock 


2 


Input A 




10 


No connection 


3 


Recirculate Input A 


11 


vgg 


4 


Recirculate Control A 


12 


Output B 


5 


Output A 




13 


Recirculate Control B 


6 


vdd 




14 


Recirculate Input B 


7 


vss 




15 


Input B 


8 


No connection 




16 


No connection 


cage. (See MOS/LSI packaging section.) 




LEAD NO. 


FUNCTION 


LEAD NO. 


FUNCTION 


1 


Input 1 




6 


Vss 


2 


Output 1 




7 


Vgg 


3 


Vdd 




8 


Output 2 


4 


Clock 01 




9 


Input 2 


5 


Vss 




10 


No connection 



BOTTOM VIEW 
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TMS 3016 LR 
DUAL 16-BlT STATIC SHIFT REGISTER 



featu 



es 



Static logic 

DC to 1 MHz operation 
Low power dissipation 
Push-pull output buffers 
TTL compatible 



description 

The TMS 3016 LR is a dual static shift register. This device contains two dc-to-1-MHz shift registers with independent 
input and output terminals and common clocks and power. MOS thick-oxide technology is used to fabricate cross- 
coupled flip-flops for each register bit so that data can be stored indefinitely. The transistors in the device are the P- 
channel enhancement-mode type. All input leads have zener network protection and all outputs contain low output 
impedance, non-inverting push-pull output buffers. 

Two power supply levels and two clocks are required for operation with a third clock generated internally. Data is 
transferred into the register when the 0i clock is pulsed to logic 1. Data is shifted when the <^i clock is returned to 
logic and the 02 clock is pulsed to logic 1 . Output data appears on the logic to logic 1 transition of the 02 clock. 
For long term storage, the 0i clock must be held at a logic and the 02 clock at a logic 1 . 

mechanical data and pin configuration 

The TMS 3016 LR is mounted in a TO-100 package. (See MOS/LSI packaging section.) 




LEAD NO. 

1 
2 
3 
4 
5 



FUNCTION 

No connection 
Clock 02 
Input 1 
Input 2 
GND (Vss) 



LEAD NO. FUNCTION 



6 
7 
8 
9 
10 



BOTTOM VIEW 



vgg 

Output 2 
Clock 01 
Output i 

vdd 



logic definition 

Negative logic is assumed 

a) Logic 1 = most negative voltage 

b) Logic = most positive voltage 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -30 V to 0.3 V 

Supply voltage Vqg range (See Note 1 ) -30 V to 0.3 V 

Phase one clock input voltage V,^1 range (See Note 1) -30 V to 0.3 V 

Phase two clock input voltage V02 range (See Note 1) -30 V to 0.3 V 

Data input voltage V| range (See Note 1 ) -30 V to 0.3 V 

Power dissipation 450 mW 

Operating free-air temperature range -55°C to 85°C 

Storage temperature range -55°Cto150°C 

NOTE 1 : These voltage values are with respect to network ground terminal, Vss- 
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recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Supply voftage Vqo 


-12 


-14 


-15 


V 


Supply voltage Vqg 


-24 


-28 


-29 


V 


Logic data Input voltage Vj(o) (See Note 2) 


0.3 





-2 


V 


Logic 1 data input voltage Vjd) (See Notes 2) 


-9.5 


-14 


-29 


V 


Width of data pulse, tp(ciata) (See voltage waveforms) 


0.41" 






MS 


Data setup time, tjetup (See voltage waveforms and Note 3) 


100 






ns 


Data hold time, thold (See voltage waveforms and Note 4) 


20 






ns 


Logic clock input voltage V0o(clock) (See Notes 2 and 5) 


0.3 





-2 


V 


Logic 1 clock input voltage V^i (dock) (See Notes 2 and 5) 


-24 


-28 


-29 


V 


Rise time of clock pulse, tr(clock) (See voltage waveforms) 







5 


MS 


Fail time of ciock puise, tf(ciock) (See voltage waveforms) 






5 


MS 


01 clock pulse width, tp(0i) (See voltage waveforms) 


0.3+ 




lot 


MS 


02 clock pulse width, tp(02) (See voltage waveforms) 


0.4+ 




oot 


MS 


Time interval from 0i clock to 02 clock input pulse, t0i2 (See voltage waveforms) 


0.01 




10 


MS 


Time interval from 02 clock to 0i clock input pulse, t021 (See voltage waveforms) 


0.01 




10 


MS 


Clock repetition rate 







1 


MHz 



NOTES: 2. These voltage values are with respect to network ground terminal, Vgs- 

3. Setup time is the interval immediately preceeding the positive-going edge of the phase 1 clock pulse during which interval the data 
to be recognized must be maintained at the input to ensure its recognition. 

4. Hold time is the interval immediately following the positive-going edge of the phase 1 clock pulse during which interval the data to 
be recognized must be maintained at the input to ensure its recognition. 

5. The two clock pulses must never be simultaneously more than 3 volts more negative than Vss- 
+ These values are at Vqd = -14 V, Vqg = -28 V, and Ta = 25°C. 

electrical characteristics over operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS^ 


MIN 


TYPT 


MAX 


UNITS 


llL Logic 1 input current into data input . 


V| = -20 V, T° = 25°C 






0.5 


mA 


'lL(0) Logic 1 input current into either clock input 


V| = -28V, Vgg=OV, 
T° = 25°C 






50 


mA 


Vqh Logic output voltage 


IO = 0mA, CL = 20pF 




0.3 


-1 


V 


IO = 2mA, CL = 20pF 




-2.6 


-5 


V 


10 = OmA, Vdd = -12V, 

Vgg = -24 V 




-0.5 


-1 


V 


Vql Logic 1 output voltage 


Iq = mA, Cl = 20pF 


-12.0 


-13.5 


-14 


V 


Iq = 0.5 mA 


-10.5 


-12.5 


-14 


V 


IO = 0mA, Vdo = -12V, 
Vgg = -24 V, V0,V02 = -24V 
Cl = 20pF, Vin(i) = -8.5V 
Vin(0)=-2V 


-8.8 


-10.5 


-12 


V 


f^OH Output resistance, logic 


Iq = -2.0 mA 




1.5 


2.5 


kn 


Rql Output resistance, logic 1 


Iq = 0.5 mA 




1.5 


7 


kn 


|0D Supply current from Vqd terminal* 






-8 


-12 


mA 


'GG Supply current from Vgg terminal* 






-1.6 


-2.5 


mA 


fmax Maximum clock frequency 




1 






MHz 



I Unless otherwise noted, voltages are as shown in the nominal 
^Al^ypica^alue^^^^^^^^5°C^^^^^^^^^^^^^^^^^ 



column of the recommended operating conditions (nominal operating voltages). 
* Current into a terminal is a positive value. 
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switching characteristics, Vdq = -14V, Vqq = -28 V, RL=10mn, Cl = 20pF, T^ = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Propagation delay time to high level from 
■^ <p2 clock to data output 


See voltage waveforms 




250 


400 


ns 


Propagation delay time to low level from 
*^ 02 clock to data output 


See voltage waveforms 




250 


350 


ns 


Cj_(^]) Capacitance of 01 clock input 


V|=OV, V|(^2)=0V, 
f= 1 MHz 




6 


10 


pF 


„ , Capacitanceof 02 clock input* 
^in(02) 


V|=OV, V|(^i)=OV, 
f = 1 MHz 




15 


20 


pF 


Cjn Capacitance of data input 


V|=0, f=1MHz 




2 


14 


pF 



'Cin(02) includes the capacitance of the internal 02 clock. 



voltage waveforms 



^p(data) 



DATA INPUT 



-9 
-10 



v_____Ntnr7 ^' 

V ^ lit 



01 CLOCK 




t0l2 



-i-t^ 



hp(02)| I V21 V(01» 



tr(clock) 



V|H(data) 
V|L(data) 



V|H (clock) 



V|L(clock) 



tf(clock)" 



"*^ h H h-^^ 



t>2 CLOCK 



r(clock) 



DATA OUTPUT 




V|H(clock) 



VlL(clock) 



-^v 



LINE IS CONSIDERED SOLID WHEN RELATED TO DATA INPUT, AND BROKEN BY 
50/100 BIT TIME INTERVAL WHEN RELATED TO DATA OUTPUT. 



Texas Instruments 

INCOKHORATED 
POST OFF(CE BOX 5012 • OAULAS, TEXAS VSMi 



1447 



TMS 3016 LR 

DUAL 16-BIT STATIC SHIFT REGISTER 



typical characteristics 



w -2 
> 

HI 

_i 

X 

I 



LOGIC OUTPUT VOLTAGE 

vs 

LOAD CURRENT 



Ta = +25°C 



Vgg = -29 V 




VoD=-14V 

Vgg = -28 V 



Vdd=-12V 

Vgg = -24 V 



I- 

D 

o 

-I +2 

LU 



S+1 
o 



LOGIC 1 OUTPUT VOLTAGE 

vs 

LOAD CURRENT 

Vdd=-12V Vdd=-14V 
Vgg = -24 V Vgg=-28V 




Vdd=-15V 

Vgg = -29 V 



Vqh - LOGIC OUTPUT VOLTAGE - V 



-5 -10 

Vol - LOGIC 1 OUTPUT VOLTAGE - V 



typical applications data 

1) MOS/TTL interface 

With proper supply voltages, interfacing can be achieved with only three resistors. A typical MOS/TTL interface is 
shown below. 



14 V 




DATA 
INPUT 



5V 

I , _ J 

I SN7426 



CLOCK 

R IdriverI 



DATA^ 
INPUT 



01 02 Vss 

CLOCK CLOCK 

TMS 3016 LR 

Vgg Vdd 



TT 




-14 V 



An input pull-up resistor is required to provide the necessary input voltage swing. The value of this resistor (R) depends 
on the actual circuit requirements - values as low as 1 kfi can be used for high-speed operation while values as high as 
15 kn can be used when low power consumption is important rather than high-speed. 
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typical applications data (continued) 

At the output interface, the 9.1-kO resistor sinks the 1 .6 mA of TTL-gate current when volts is required on the TTL 
input. When 3 volts is required on the TTL input, the MOS output device supplies current from 14 volts, through the 
3.9 kO. resistor and the 9.1-k^ resistor to —14 volts. The 3.9-kJ2 resistor limits the voltage at the TTL gate input to 5 
volts maximum. 



2) Two-phase clock generator 



SN7400 SN7416 



r7ZH>- 



MASTER CLOCK IN O < ► — 



-O 02 CLOCK TO CLOCK DRIVER 



SN7473 (SEE NOTE A) 




01 CLOCK TO CLOCK DRIVER 



SN7400 SN7416 
02 CLOCK I f ] f I 



01 CLOCK 
NOTE A. THE J, K, AND CLEAR INPUTS ARE TtED TO VCC THROUGH A 2 kn RESISTOR. 



expansion to single 32 register 



CLOCK 
DRIVER 



DATA INPUT O 



21. 



01 CLOCK 02 CLOCK 
DATA INPUT 1 



VSS 

DATA OUTPUT 1 



TMS 3016 LR 
DATA INPUT 2 DATA OUTPUT 2 

VgG Vdd 



-28 V 



r 

-14 V 



-O DATA OUTPUT 
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schematic (each register) 
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features 



DC to 2.5-MHz operation 
Low power dissipation 
Direct interface with DTL/TTL 
Static operation 
Push-pull output buffer 
Low-threshold technology 



description 



The TMS 3101 LC/NC is a dual 100-bit static shift register; the TMS 3102 LC/NC is a dual 80-bit static shift register; 
and the TMS 3103 LC/NC is a dual 64-bit static shift register. These circuits are constructed on a single monolithic 
chip using thick-oxide techniques and P-channel enhancement-mode transistors. Each register has independent input 
and output terminals, common clocks and power, and can operate from dc to 2.5 MHz. The inputs, which are zener 
protected, can be driven directly from DTL/TTL levels, and the register outputs can drive DTL/TTL circuits without 
the addition of external components. 

The TMS 3100 series is a family of static shift registers, the lengths of which are programmable from 4 to 100 bits, 
through a single-mask-level change. The 100-, 80-, and 64-bit lengths are available from stock. 

Units mounted in 10-lead TO-100 packages are designated "LC". Mounted in 16-pin dual-in-line plastic packages, 
the devices are designated "NC". 

logic definition 

Positive logic is assumed. 

a) Logic 1 = most positive (HIGH) voltage 

b) Logic = most negative (LOW) voltage 
operation 

Cross-coupled flip-flops are used to implement each register bit and permit data to be stored indefinitely between clock 
pulses. Two external clock pulses are required for operation. Data is transferred into the register when the clock pulse 
01 is at a Low level. Data is shifted when clock pulse 0i is returned to a High level and clock pulse 02 's pulsed to a 
Low level. Output data appears on the High-to-Low transition of clock pulse 02- For long-term storage, clock pulse 
01 must be held at a High level and clock pulse 02 at a Low level. 

functional blocl< diagram and pin configuration 



1 — 




1 

L/^N Ol ITPI IT 1 




100-BIT REGISTER 


BUFFER 




1 ^^ 


r.i nr.K w9\ . 




1 


1 


1 








ikL)^.. 


' 


^^ -uu 1 














I \KJ> WQG 




100-BIT REGISTER 


BUFFER 




I 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -20 V to 0.3 V 

Supply voltage Vqg range (See Note 1 ) —20 V to 0.3 V 

Clock input voltage range (See Note 1 ) -20 V to 0.3 V 

Data input voltage range (See Note 1 ) -20 V to 0.3 V 

Operating free-air temperature range -25°Cto85°C 

Storage temperature range -55°Cto150°C 

NOTE 1 : These voltage values are with respect to Vss (substrate). 

recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 

Substrate supply Vgs 
Drain supply Vpo 
Gate supply Vqq 


+4.75 

C 

-13 


+5 



-12 


+5.25 
-11 


V 

V 

V 


Logic Levels (Note 2) 

Input High level V|H 
Input Low level V|l 


+3.5 
-13 


-12 


+5.25 
0.8 


V 
V 


Clock Voltage Levels 

Clock High level V0h 
Clock Low level V^l 


+3 
-13 




+5.25 
-11 


V 
V 


Pulse Timing 

Clock pulse transition tf^, tf0 

Clock pulse width 1 (See wavefornns) PW^i 

Clock pulse width 2 PW02 


0.150 
0.150 




3 
10 

cx> 


MS 
MS 
MS 


Pulse Spacing 

Clock delay tp^i 2 
Clock delay to021 
Data setup tps 
Data hold tpH 


150 
10 




10 
10 


MS 
MS 
ns 
ns 


Pulse Overlap 

Clock (See Note 2) 










Pulse Repetition Rate PRR 
Data (See Note 2) 
Clock (See Note 3) 








2.5 
2.5 


MHz 
MHz 



NOTES: 2. Both clocks should not be simultaneously more than 2 V below Vss- 
3. Cl = 10 pF, one TTL load. 

Static electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


l|L Input current 


V| = OV, Vss = +5V 






500 


mA 


I^L Clock current 


V| = -12V, VsS = +5V 






20 


mA 


Output Voltage Levels 

Vol Output LOW level 
Vqh Output HIGH level 
Vol Output LOW level 
Vqh Output HIGH level 


(See Note 4) 1 TTL load 
(See Note 4) 1 TTL load 
(See Note 4) MOS load (3101) 
(See Note 4) MOS load (3101) 


+3.0 
3.6 


+3.5 


+0.4 
+0.4 


V 
V 
V 
V 



NOTE 4: For final test purposes, a worst-case TTL load is simulated by a load of 2.7 kfi and 20 pF. A worst-case MOS load is simulated by a 
load of 20 kil and 20 pF. All loads are connected between output and Vgs. 
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static electrical characteristics (continued) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Current 

lose Short circuit 








30 


mA 


Power Supply Current Drain 

Iss Substrate supply 
'DD Drain supply 
Iqq Gate supply 
Pq Power dissipation 


Vout = Vqh (See Note 5) 

See Note 6 

Vout = Vqh (See Note 5) 




16 

-16 
270 


20 

0.5 

-20 

360 


mA 
mA 
mA 
mW 



NOTES: 5. The device uses saturated logic. The current sourced by the 5-V power supply Is sunk by the — 12-V power supply. 

6. Does not include output stage load or transient current. In the MOS load mode, the current will consist of transients due to 
capacitor discharge and/or leakage current. In the TTL load mode the current is the current sunk by the TTL (up to 1.6 mA). 

dyaamic electrical characteristics (under nominal operating conditions at 25° C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Logic Delay 

^DLHi Output LOW level 
tDHLi OutputHIGH level 
tDLHo OutputHIGH level 
tpHLo Output LOW level 


Cl=10pF, TTL gate load 
CL=10pF, TTL gate load 
Cl = 10 pF, MOS load 
CL=10pF, MOS load 




50 
100 

60 
120 


75 
125 

85 
150 


ns 
ns 
ns 
ns 


Capacitance 

C||^ Input 
C0 Clock 


Vi=0V, f=1MHz 
V|=OV, f=1MHz 




9 
48 


12 
55 


pF 
pF 



mechanical data and pin configuration 

Units mounted in 10-lead TO-100 packages are designated "LC" (See MOS/LSI packaging section.) 




LEAD NO. 


FUNCTION 


LEAD NO. 


FUNCTION 


1 


vss 


6 


Clock 02 


2 


Output 2 


7 


Clock 01 


3 


vdd 


8 


Input 1 


4 


Output 1 


9 


Input 2 


5 


No connection 


10 


vgg 



BOTTOM VIEW 

Mounted in 16-pin dual-in-line plastic packages, the devices are designated "NC" The package is designed for insertion 
in mounting-hole rows on 0.300-inch centers. (See MOS/LSI packaging section.) 



16 9 

nnnnnnnn 



D 



TOP VIEW 



uuuuuuuu 

1 8 



INO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


02 


g 


Vss 


2 


No connection 


10 


No connection 


3 


01 


11 


No connection 


4 


Input 1 


12 


Output 2 


5 


Input 2 


13 


Vdd 


6 


No connection 


14 


Output 1 


7 


No connection 


15 


No connection 


8 


Vgg 


16 


No connection 
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timing diagram and voltage waveforms 



TDATA \ f 

^'L 90% i r -r 



V0H. 

CLOCK 01 
V0L 



*DS^ 



"iok IL 



h 



tDH 



T=^ 



v^ 






tD0l2 



V0H — — — 

"10%" 
CLOCK 02 

^*'- 90% 



VOH 
OUTPUT (TTL LOAD) 



PVV^2 



AV 



tD<^21 



V 



tf0 



Vol 



+1.5 V 



— •JtdLHi U— 



OUTPUT (MOS LOAD) -4 V 



U~ ^LH2 



j^2V__ / 

OS LOAD) -4V / 




circuit diagram 



SCHEMATtC DIAGRAM (ONE REGISTER) 

FIRST BIT p Vss 



INO- 



01 C>- 



M : 



I * 
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BUFFER 
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interface circuits 

a) MOS 



EXPANSION TO SINGLE 200-BIT REGISTER 



CLOCK 
DRIVER 



DATA IN 



It 



01 02 ^SS 

m-i ouTi 

TMS 3101 LC 



IN2 



/qG VPD 

1 r 



0UT2 



-17 V 



-5V 



-O DATA OUT 



b) TIL 



I *■ 1 

I SN7400 I 



DATA IN 




O +5V 
41 



L. _ ., 1*5-1 ro- 01 



-12 L- 



IN1 



02 
IN2 



vss 



TMS 3101 LC 



OUT1 



jisa 



OUT2 — 
VPD 



T 



n 



SN7400 




DATA OUT 



"--x- 



6 -12 V 
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featu 



es % 

Single clock (TTL levels) c 

DTL/TTL compatible = 

DC to 1 MHz 

Static operation S 

Loading and recirculating control logic 
Gated-output control logic 
Dual-in-line package 
Single-ended (open drain) buffer 
Low-threshold technology 



description 

The TMS 3112 JC/NC contains six separate 32-felt static shift registers constructed on a single monolithic chip, using 
thick-oxide techniques and P-channel enhancement-mode low-threshold MOS transistors. 

A single clock is required for operation. The clock and all inputs can be driven directly from DTL/TTL logic levels and 
each register output can drive DTL/TTL circuits. The device also contains common control logic for loading, recircula- 
tion, and output enable. 

"TMS 31 12 JC" is the part number for a unit mounted in a 24-pin hermetically sealed dual-in-line package. Mounted in 
a 24-pin plastic package the device is numbered "TMS 31 12 NC". 

logic definition 

Positive logic is assumed. 

a) Logic 1 = most positive (High) voltage 

b) Logic = most negative (Low) voltage 

operation 

Cross-coupled flip-flops are used to implement each register bit and permit data to be stored indefinitely between inter- 
nal clock pulses. A single external clock pulse is required for operation. Data is transferred into the register when the 
clock pulse and recirculate control are at a Low level. Output data appears on the Low-to-High transition of the clock 
pulse. Data can be read out when the output gate control is held at a Low level. Recirculating data occurs when the 
recirculation control is at a High level. 

The registers can drive DTL/TTL loads by using a 7.5-kJ2 pull-down resistor connected between the output terminal and 
the Vqg supply. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vqg range (See Note) —20 V to 0.3 V 

Clock input voltage range (See Note) -20 V to 0.3 V 

Data input voltage range (See Note) -20 V to 0.3 V 

Operating free-air temperature range -25*C to 85°C 

Storage temperature range -55°Cto150°C 

NOTE: These voltage values are with respect to Vss (substrate). 
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functional block diagram and pin configuration 



vss 



r 



OUTPUT GATE 

(is) 



INi (22 



IN2 (2^ 



IN3 (24 



IN4 0- 



IN5 ©- 



INg ©- 



4, 



i_ 




ry^ 



32-BIT REGISTER 



"sy^ 



□ 






^>- 



D 






^1>^ 



D 




n 






^1>- 




® 



32-BIT REGISTER 



'^Or® 



32-BIT REGISTER 



t_)^ 



32-BIT REGISTER 



32-BIT REGISTER 



32-BIT REGISTER 



~1 



OUT1 



OUT2 



OUT3 



"zzyr^ 



OUT4 



:T>D) 



OUT5 



=0® 



OUTg 



^ I 



© 



W/RECIRCULATE 



'GG 



Texas Instruments 

I NC OKPOK A FED 

POST OFFICE BOX 5012 . DALLAS. TEXAS 75222 



14-57 



TMS 3112 JC, TMS 3112 NC 

HEX 32-BIT STATIC SHIFT REGISTER 



recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Substrate supply Vss 


+4.75 


+5 


+5.25 


V 


Gate supply Vqg 


-11 


-12 


-13 


V 


Input High level V|n 


+3.5 






V 


Input Low level V||_ 






+0.6 


V 


Clock High level V^h 


+3.5 






V 


Clock Low level V^l 






+0.6 


V 


Clock pulse transition tp^, tf^ 






5000 


ns 


Clock High level PW^h 


600 






ns 


Clock Low level PW^l 


300 






ns 


Recirculate PWj 


600 






ns 


Output gate hold time tQGS 




180 


250 


ns 


Output gate release time tpQR 




180 


250 


ns 


Data setup tQs 


300 






ns 


Data hold tpH 


300 






ns 


Clock to store/recirculate tpcs 


300 






ns 


Clock PRR 







1 


MHz 



electrical characteristics (under nominal operating conditions at 25° C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


l|L input current 


V|=+0.6V, Vss = +5V 






500 


nA 


'i^L Clock current 


V^ = +0.6 V, Vss = +5 V 






500 


nA 


Vql Output Low level 


RL-7.5kntoVGG. 'sink "1-6 "A 






+0.5 


V 


VqH Output High level 


RL = 7.5kntoVGG 


+4 






V 


'SS Substrate supply 


Vss = +5V, Vgg = -12V 




15 


20 


mA 


IqG Gate supply 


Vss = +5V, Vgg = -12V 




15 


20 


mA 


Pq Power dissipation 






255 


340 


mW 


tdLH Output Low level 


RL = 7.5kn, Cl = 10 pF, TTL gate 


350 


450 


600 


ns 


tdHL Output High level 


RL = 7.5kn, CL=10pF,TTLgate 


350 


500 


600 


ns 


C||\| Input 


V|=0V, f=1MHz 




5 


7 


pF 


C^ Clock 


V| =0 V, f = 1 MHz 




6 


7 


pF 



mechanical data and pin configuration 

The device is available in both a 24-pin hermetically sealed ceramic dual-in-line package (TMS 31 12 JC) and a 24-pin 
plastic package (TMS 31 12 NC). The packages are designed for insertion in mounting-hole rows on 0.600-inch centers. 
(See MOS/LSI packaging section.) 

— continued 
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mechanical data and pin configuration (continued) 
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TOP VIEW 
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timing diagram and voltage waveforms 



PINNO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


Input 4 


13 


Output 3 


2 


Input 5 


14 


Output 2 


3 


Input 6 


15 


No connection 


4 


No connection 


16 


No connection 


5 


W/Recirculate Cont. 


17 


Output 1 


6 


vgg 


18 


Output gate Cont 


7 


Clock 


19 


No connection 


8 


Output 6 


20 


vss 


9 


No connection 


21 


No connection 


10 


No connection 


22 


Input 1 


11 


Output 5 


23 


Input 2 


12 


Output 4 


24 


Input 3 



r 



CLOCK 
INPUT V 



«H --+ — 



«L 




1/PRR , 



-J IDS |ejtDH|*- 



DATA 
INPUT 



RECIR- 
CULATE 
CONTROL 



DATA ^OH 

OUTPUT 

Vol 




GATE V|H 

OUTPUT 

CONTROL V|L - 
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circuit diagram 
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interface circuits 



a) MOS 



-::~Lr 



^ 



n 



vss 



OUTPUT GATE 
W/RECIRCULATE 
CLOCK 



TMS 3112 JC 



'GG 



-17 V o » 



-O OUTPUT 




7.5^7.5>7.5>7.5; 



b) TTL 



>+5 V 




O SN7400 



OUTPUT GATE Vgs 

W/RECiRCULATE 

CLOCK 



TMS 311 2 JC 



'GG 



-12V6 
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features 



Single-clock TTL level 

Loading and recirculate logic 

DC to 2-MHz operation 

Full TTL compatible (including clock) 

Static logic 

16-pin dual-in-line package 

Low-threshold technology 



description 



The TMS 31 13 JC/NC and TMS 31 14 JC/NC are static accumulators, each consisting of two separate static shift registers 
with independent input and output terminals and logic for loading or recirculating information. The two shift registers 
in the TMS 3113 JC/NC are 133-bit devices. Two 128-bit shift registers compose the TMS 31 14 JC/NC. 

A single clock is required for operation. The clock and all inputs can be driven directly from DTL/TTL logic levels 
and each register output can drive DTL/TTL circuits. Three clocks are generated internally. Cross-coupled flip-flops 
are used to implement each bit of delay and enable data to be stored indefinitely between clock pulses. 

The entire device is constructed on a single monolithic chip using thick-oxide techniques and low-threshold MOS P- 
channel enhancement-mode transistors. 

Units mounted in 16-pin hermetically sealed ceramic dual-in-line packages are designated "JC". "NC" is the designa- 
tion for units in 16-pin dual-in-line plastic packages. 

logic definition 

Positive logic is assumed. 

a) LOGIC 1 = most positive voltage (high) 

b) LOGIC = most negative voltage (low) 

operation 

Transferring data into the register is accomplished when the clock and recirculate control are at logic 0. For long-term 
data storage the clock must be held at a logic 1 . 

Recirculate occurs when the recirculate control is at a logic 1 . Output data appears on the O-to-1 transition of the clock 
pulse. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -6 V to 0.3 V 

Supply voltage VqG f^nge (See Note 1 ) -20 V to 0.3 V 

Clock input voltage range (See Note 1 ) -15 V to 0.3 V 

Data input voltage range (See Note 1 ) -15 V to 0.3 V 

Operating free-air temperature range -25°C to +85°C 

Storage temperature range -55°Cto150°C 

NOTE 1 : These voltage values are with respect to Vss (substrate). 
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functional block diagram and pin configuration 



REC INPUT A (3)- 
REC CONTROL A 0- 



INPUT A (gy- 



REC INPUT B (^ 

REC CONTROL B ^ 



INPUT B @- 



r 



'GG 



....I 



^i> 



n 



_y 



REGISTER 
A 



_h 



^O 



n 



OUTPUT A 

— (D 



REGISTER 

B 



.^-TT 



OUTPUT B 



INTERNAL CLOCK 
GENERATOR 



I . 



, I 



© (2) 



Vdd clock «,n 



'ss 



recommended operating conditions 



PARAMETER 



Operating Voltage 

Substrate supply Vss 

Drain Supply Vpo (Output supply only) 

Gate supply VgG 



Logic Levels 

Input High level V|h 
Input Low level V|l 



Clock Voltage Levels 

Clock High level V0H 
Clock Low level V^l 



MIN 



+4.75 
-11 



+3.5 



+3.5 



NOM 



+5 



-12 



MAX 



+5.25 
-13 



+0.6 



+0.6 



UNITS 



— continued 
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recommended operating conditions (continued) 



PARAMETER 


MIN 


NOM 


MAX 


UNITS 


Pulse Timing 

Clock pulse transition t^^, tf0 
Clock pulse width PW^ (Clock cycle time) 
Clock pulse wicJth High level PW^h 
Clock pulse width Low level PW^l 
Recirculate PWr 


500 
330 
130 
250 




5 


lis 
ns 
ns 
ns 
ns 


Pulse Spacing 

Data setup xqq 

Data hold tQ^ 

Clock to store/recirculate tRg 

Clock to store/recirculate tR^ 


100 
100 
100 
150 






ns 
ns 
ns 
ns 


Pulse Repetition Rate PR R 
Data 
Clock 








2.0 
2.0 


MHz 
MHz 



Static electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


l|L Input Current 


V| = +o.6y 






500 


nA 


I^L Clock Current 


V0 = +0.6 V 






500 


nA 


Output Voltage Levels (See Note 2) 
Vol Output LOW level 
Vqh Output HIGH level 


'SINK = 1.6 mA 
'LOAD = 0.20 mA 


+4.0 




+0.5 


V 
V 


Power Supply Current Drain 

iSS Substrate supply 

Iqg G^ts supply 

Pq Power Dissipation 


Vss = +5V, Vgg = -12V 
Vss = +5V, Vgg = -12V 
Vss = +5V, Vgg = -12V 




15 

17 

280 




mA 
mA 
mW 



NOTE 2: For final test purposes, a worst-case TTL load is simulated by a load of 2.7 kfl and 20 pF. A worst-case MOS load is simulated by a 
load of 20 kfi and 20 pF. All loads are connected between output and Vgs- 



dynamic electrical chai'acteristics 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Logic Delay 














tQL Output Low level 


Cl= 10 pF 


TTL gate 




300 


350 


ns 


tQi-i Output High level 


Cl= 10 pF 


TTL gate 




300 


350 


ns 


Capacitance 














C|M Input 


V| =0V, 


F = 1.0 MHz 




8 


12 


pF 


C0 Clock 


V, =0V, 


F = 1.0 MHz 




9 


13 


pF 
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timing diagram and voltage waveforms 



CLOCK 



RECIRCULATE 
CONTROL 

V|L 



OUTPUT 



1/PRR 



H 



PvitjM j 



^ 



__LJ--Li'<« ' 





|---t •.♦-*, ^^U-.,, 



mechanical data 

The devices are available both in 16-pin hermetically sealed ceramic dual-in-line package (TMS 31 13 JC, TMS 31 14 JC) 
and in 16-pin dual-in-line plastic packages (TMS 31 13 NC, TMS 31 14 NC). The packages are designed for insertion in 
mounting-hole rows on 0.300-inch centers. (See MOS/LSI packaging section.) 



pin configuration 



iC 


.u 


D16 


c 




3 


c 




3 




TOP 
VIEW 


3 
3 


c 




p 


c 




3 


8C 




D9 



PIN NO. 

1 
2 
3 
4 
5 
6 
7 
8 



FUNCTION PIN NO. 

No connection 16 

Input A 15 

Recirculate Input A 14 

Recirculate Control A 13 

Output A 12 

vdd 11 

vss 10 

No connection 9 



FUNCTION 

No connection 
Input B 

Recirculate Input B 
Recirculate Control B 
Output B 

vgg 

No connection 
Clock 01 N 
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interface circuits 

a) MOS 



ov 



-12 



1/- 



■===■ V, 



ss 



R|NA 
INPUT A 
R|NA 
CLOCK 
R CONT B 
INPUT B 
R|nB 



OUTPUT A 



OUTPUT B 



i 6 

VGG--17V Vdd = -5V 



bj ^TTL 



+5V 



+5 V 

I 




R|N 
A|N 

Rdata in 

R|NB 

Bin 
RdataB 

CLOCK 



T 



OUTPUT A 




OUTPUT B 



Vdd 




Vqg = -12 V 



+5V 



circuit diagram 
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input logic 
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INPUT O— I 
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TMS 3304 LR -TRIPLE 66-BIT DYNAMIC SHIFT REGISTER 
TMS 3305 LR -TRIPLE 64-BIT DYNAMIC SHIFT REGISTER 



features 



5-MHz operation 

TTL compatibility 

Single-ended (open-drain) output buffers 

Low power dissipation 



description 



The TMS 3304 LR (TMS 3305 LR} consists of three separate 66(64) bit dynamic shift registers with independent input 
and output terminals and common clocks, power and ground. The gate capacitance of an MOS transistor is used for 
temporary storage of information between clock pulses. Each register has an unclocked single-ended output buffer to 
provide an output inverted from the input. The output level is determined by the external load resistor and load power 
supply. 



operation 



Transfer of data into the register is accomplished when the (^i clock is at a logic 1 . Data shifting occurs when the 02 
clock is momentarily pulsed to a logic 1, and the <pi clock to a logic 0. Output data appears on the negative going edge 
of the ((>2 clock pulse. 



functional block diagram 



INPUT 2 



INPUT 3 



©- 



Qy 



^ 1 



<t>2 



64(66) BITS 



64(66) BITS 



64(66) BITS 



W 



Vdd 



c: 



-(4) OUTPUT 



-(e) OUTPUT 2 



-® 



OUTPUT 3 



® 



vss 



logic definition 

Negative logic is assumed. 

a) Logic 1 = most negative voltage 

b) Logic = most positive voltage 
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mechanical data and pin configuration 

The TMS 3304 LR and TMS 3305 LR are mounted in TO-100 packages. (See MOS/LSI packaging section.) 

O LEAD NO. FUNCTION LEAD NO. FUNCTION 

1 Clock 02 6 Out2 

2 Vdd 7 Ins 

3 lni 8 Out3 

4 Outi 9 Vss 

5 In2 10 Clock (j!>i 

BOTTOM V!EW 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -30 V to 0.3 V 

Supply voltage Vq range (See Note 1 ) -30 V to 0.3 V 

Clock and data input voltage range (See Note 1) — 30 V to 0.3 V 

Power dissipation 350 mW at Ta = 25'C 

Operating free-air temperature range — 55°C to 85°C 

Storage temperature range -55°Cto150°C 

NOTE 1 : These voltage values are with respect to network ground terminal. 



recommeiuled operating conditions 



CHARACTERiSTiCS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage Vqd 


-11 


-14 


-18 


V 


Supply voltage Vq 


-5 


-14 


-29 


V 


Clock logic voltage V0(q) 


0.3 





-3 


V 


Clock logic 1 voltage V^ji) 


-20 


-28 


-29 


V 


Data logic voltage Vinio) 


0.3 





-3 


V 


Data logic 1 voltage Vjndj 


-8 


-14 


-29 


V 


Clock Overlap voltage (See Figure) 






-3 


V 


Clock pulse rndth, tp V^i = -24 V Vop = -12 V 


0.1 


1 1 


50 


MS 


Clock pulse width, tp V0 = -28 V, S/qq = -14 V 


0.08 




50 


MS 


Data pulse width Pyy 


0.15 






MS 


Clock delay time, tj (See Voltage Waveforms) 






200 


MS 


Clock rise and fall times, t^, tf (See Voltage Waveforms) 






5 


MS 


Clock repetition ratet;. 


0.002 


2 


5 


MHz 


Datg lead time, tb (See Voltage Waveforms) 


0.08 






MS 


Data delay time, tg (See Voltage Waveforms) 


0.01 






MS 



'DD '•* V, V0(i) = —28 V, normal or extended with TTL output interface. 

Nominal values of power supply and clock swing will result in maximum speed of operation. The device has been design- 
ed to operate over a broad range that allows the user to take advantage of readily available power supplies (e.g.. +12 V, 
OV, -12V). 
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electrical characteristics at 25° C and nominal operating conditions unless otherwise noted 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output voltage level logic 
'^°"^ (V^ between -20 V and -30 V) 


Vo = -14V, RL = 10kn 




-0.8 


-1.2 


V 


Output voltage level logic 1 
^'^' (See Note 1) 


Vo = -14V, RL=10kn 


-9.0 






V 


'outd) Output current logic 1 


Vout=-14V, V<j = -28V 
Vout=-12V, V0 = -24V 


8 
5 


12 
10 




mA 
mA 


Ifjd Power supply current drain 


Vdd^-I^V, V0=-28V 
20% clock duty cycle 
Vdd = -12V, V<^=-26V 
20% clock duty cycle 




6 

5 


12 
10 


mA 
mA 


'(^L Clock leakage current 


Vin0 = -28 V 






10 


mA 


Ijf, Input leakage current 


Vin=-28V 






0.5 


mA 


Power dissipation 






100 


350 


mW 



NOTE 1 : For an output logic 1 the single ended MOS buffer transistor is "off" and the output voltage is equal to this output voltage power 
supply Vq. 

dynamic electrical characteristics 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output logic delay MOS Interface 
(See voltage waveforms) 


RL = 10kn, C|_ = 20pF 




60 


150 


ns 


Output logic delay MOS interface 
'^^ (See voltage waveforms) 


RL=10kn, Cl = 20pF 




120 


250 


ns 


Output logic delay TTL interface 
(See voltage waveforms) 


RL=10kn, CL = 20pF 




50 


100 


ns 


Output logic delay TTL interface 
(See voltage waveforms) 


R|_=10kn, Cl = 20pF 




60 


120 


ns 


C| Data input capacitance 


V|=0V 




5 




pF 


C((, Clock input capacitance 


v$ = ov 




45 




pF 



interface circuits 

a) MOS 
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To demonstrate MOS interface the register has been conrtected as a 198-bit shift register. 
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interface circuits (continued) 

b) TTL 



0+12V 



SN7426 



o 



vss 



Vdd 



TMS 3304 LR 



SN7400 



3.3 kn 

-• — VSAr- 



r> 



Ggjg^ v3fus sf P. far s**;! 
and power requirements. 



S 6.8 kn 

1 

O -12 V 



voltage waveforms 
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-9V, - 
CLOCK <j>t 



90% 
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\ t 



CLOCK 02 



Pw02 

h< ► 
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DATA OUT M(% <a) 



Tdl 



.90% 
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MOS TMS 3309 JC 

LSI TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMULATOR 



featu 



es 



> 

z 

Two independent registers/accumulators > 

10-MHz guaranteed operating frequency -_^ 

Low power dissipation (typical 90 /nW/bit at 1 MHz) ^ 

TTL/DTL compatible 
Recirculate logic on the chip 



description 



The TMS 3309 JC is a twin 512 bit 4-phase dynamic shift register/accumulator, constructed on a monolithic chip, using 
thick-oxide P-channel enhancement mode transistors. The device contains two separate register/accumulators with in- 
dependent control logic for recirculating information, and separate clock lines. The register/accumulators operate at 
pulse repetition rates from 10 kHz to 5 MHz. A 10-MHz speed of operation is obtained by multiplexing the two regis- 
ters. Power dissipation is less than 100 /nW/bit at 1 MHz. 

logic definition 

Negative logic is assumed. 

a) Logic 1 = most negative voltage 

b) Logic = most positive voltage 

operation 

Four clocks are required for operation of the register/accumulators. Input data is transferred into the register after the 
end of clock pulse <j>-{ and before the end of clock pulse 02- True output data appears after the end of clock pulse (^4 
and before the start of the next 04 clock pulse. Recirculate control is functional when the store pulse overlaps the 
trailing edge of clock pulse 03. 

The registers may be connected in cascade without external components. The circuit will interface with TTL/DTL and 
other bipolar logic. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Clock input voltage range (See Note 1) -30 V to 0.3 V 

Data input voltage range (See Note 1 ) -30Vto0.3^V 

Operating free-air temperature range • ■ "25 C to 85^C 

Storage temperature range -55 C to 150 C 

NOTE 1 : These voltage values are with respect to Vgg (substrate). 

mechanical data 

The TMS 3309 JC is mounted in a 16-pin hermetically sealed dual-in-line package consisting of a ceramic base, gold- 
plated cap, and gold-plated leads. The package is designed for insertion in mounting-hole rows on 0.300-inch centers. 
(See MOS/LSI packaging section.) 
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pin configuration 



16 8 

nnnnnnnn 



^ TOP VIEW 



uuuuuuuu 

1 7 



PIN NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


01 A 


9 


01 B 


2 


vss 


10 


Vss 


3 


03 B 


11 


03 A 


4 


04 B 


12 


04 A 


5 


INB 


13 


IN A 


6 


RECB 


14 


RECA 


7 


02 B 


15 


02 A 


8 


OUTB 


16 


OUT A 



functional block diagram 



<^1A ^2A <^A *4A 

OOP 
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*1B *2B *3B *4B 



14-72 



Texas Instruments 



INCORPORATED 



POST OFFICE BOX 5012 



DALLAS, TEXAS 75222 



TMS 3309 JC 
TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMUUTOR 



recommended operating conditions 



PARAMETER 


TEST CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Logic Levels 












Store and Input Logic V||\j(o) 




+0.3 





-3.0 


V 


Store and Input Logic 1 V|fj(i) 




-9 


-12 


-26 


V 


Clock Voltage Levels 












Clock Low Logic Level V^(q) 




0.3 





-2 


V 


Clock High Logic Level V^d) 




-22 


-24 


-26 


V 


Pulse Timing 












Clock pulse transition, t^^, tf^ 








10 


lis 


Clock pulse width 1 PW^-j 


V<^=-24V 


25 






ns 


Clock pulse width 2 PW02 


V^=-24V 


75 




25000 


ns 


Clock pulse width 3 PW^s 


V^=-24V 


25 






ns 


Clock pulse width 4 P\N^ 


V^=-24V 


75 




25000 


ns 


Store PWs 




50 






ns 


Pulse Spacing 












Clock delay tD023 


V^=-24V 







25 


MS 


Clock delay tQ^jy^-i 


V0=-24V, Cl = 10pF 







25 


MS 


Data setup tps 




10 




ns 


Data hold tpn 




to 




ns 


Store/recirculate setup tQcs 




30 




ns 


Store recirculate hold tQCH 




30 






ns 


Pulse Overlap (See Note 2) 












Clock - Clock tD^i2, tD034 


V,^ = -24 V 


60 




10000 


ns 


Pulse Repetition Rate (See Note 3) 












Data PRR 


V^ = -24 V 


0.01 




5 


MHz 


Clock PRR 


V0 = -24V 


0.01 




5 


MHz 



NOTES: 2. Only clock pulse pairs <j>f, 02 or pairs 03, 04 may be simultaneously more than 2 volts below Vss- 

3. The maximum operating frequency pertains to each shift register operated independently. If multiplexing is used, double the max- 
imum operating frequency. 

electrical characteristics (under nominal operating conditions at 25° C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


II Input Current (Leakage) 


V| = -20V 






500 


nA 


0L Clock Current (Leakage) 


V(N = -26V, Output Open 






100 


mA 


Output Voltage Levels 

VOUT(O) Output Level (6) 
^OUTd) Output Level (1) 


V0(O) = -1-5 V,V|N(o) = -3.5 V 
V^(1) = -22V, V|N(i) = -9V 


-10 


1.5 
-16 


2.5 


V 
V 


Power Dissipation/Bit 


. PRF = 1 MHz, V^ = -24 V, 
Cl= 10 pF 




90 




mW 


Output Logic Delay 

tD(1) Output Logical 1 Level 
*D(0) Output Logical Level 









20 


ns 
ns 


Capacitance (See Note 4) 

CjN Input 1 V<^ = OV 
C0 Clock C01 = C03 V0 = V 
C^ Clock C02 = C^4 V0 = V 




5 
90 
40 




pF 
pF 
pF 



NOTE 4: The capacitance pertains to each register. 
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TMS 3309 JC 

TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMULATOR 



timing diagram and voltage waveforms 



PW2 



PWi 



01 



10% _ _ \ 

90% 
-V01 






10% _ _ :v — — 

*2 90% 
-V02 



10% _ _ _ _ 
90% _ _ _ _ 



«4 



10% _ _ _ _ 

90% _ _ _ _ 
-V 



DATA 
INPUT 



tOS 



PW3 

H< ^ 



K 



-4 



hD<623 



PW4 



m=/ 



-i\ 



V^ 



tOH 



90% _ 



:nOD( 



STORE 

90% 

-vs 



10% 
DATA 
OUTPUT 



hD03i 



-\ / 



tD041 



Ijf 



nTnTTTTA. 



PWs 



TTTT^ 



-I 



tDCH 



•0" 



tD(0) 



tD(1> 



V ' 



/ 



\ 
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TMS 3309 JC 
TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMULATOR 



interface circuits 

a) MOS interface 



STORE 
(RECIRCULATE ENABLE) 



DATA IN O- 



-12 V I I 



-V 



STORE A 
IN A 



,SS 



OUT A 



TMS 3309 JC 



OUTB 



IN B 
STORE B 



-O DATA OUT 



NOTE: In this figure the register has been connected as a 1024-bit shift register. 

b) TTL interface 



+12 V 



SN7426 




SN7426 




STORE A 

IN A OUT A 



TMS 3309 JC 



2.7 kn 

hVW- 



INB 
STORE B 



OUTB 



+5V 



.7.5 

.kn 



2.7 kn 

HWSr- 



,7.5 

► kn 



' SN7400'* • 

T" y> — r 
I I 

-0-12V 

1 1 

I . — . I 



-4- 



_> 



I 



I SN7400** I 

IT" 



Select R for speed and power requirements. 

If the gates are the input to a D-type flip-flop and are strobed with clock pulse 0^ full cycle data 

output is obtained. 
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TMS 3309 JC 

TWIN 512-BIT DYNAMIC SHIFT REGISTER/ACCUMULATOR 



multiplexing of TMS 3309 JC 10-MHz operation 



+12 V 

Q 



SN7426 



o- 
o- 



r> 



>i TMS 3309 JC 



Ha <*7a *3a Ma Vss 



cJ 



OH 

01 I 02 
i 



04 



o- o- 



+12 
V 



2.7 kn 

— ^A/v— • 



7.5 

kn 



7.5 

kn 



% SN7402 



%SN7402 



:ij>-^^_>- 



*3B *4B *tB *2B ^SS 



% TMS 33(» JC 



2.7 kn 

VVV-* 



Select value of R for system speed power requirement. 



circuit diagram 



BIT1 



1 r 



BIT 2 BIT 3 THROUGH 51 1 BIT 512 

1 r~ 



01 <t>2 *3 '^1 *3 



DATA 

input" 



STORE_ 

input" 





hi ' — It; i n 



1 
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MOS m$ 3314 JC, TMS 3314 NC 

l-SI TRIPLE (60+4) DYNAMIC SHIFT REGISTER 



features 



2-MHz operation c 



TTL compatible 
Open-drain output buffers 
Three 60-bit registers 
Three 4-bit registers 
Duai-in-h'ne package 



description 



The TMS 3314 JC/NC contains three separate 60-bit, and three separate 4-bit dynamic shift registers constructed on a 
single monolithic chip, using thici<-oxide enhancement-mode P-channel IV!OS transistors. 

Each register has independent input and output terminals and common clock and power lines. Each has an unlocked 
open-drain output buffer to provide an output inverted from the input. The inputs and outputs terminals of the regis- 
ters are oriented for optimum printed-circuit-board layout. 

The TMS 3314 JC/NC is ideal for data-handiing applications in desk calculators, terminals, and peripheral equipment. 

"TMS 3314 JC" is the part number for a Qnit*if*ouniec^ a 16-pin hermetically sealed ceramic dual-in-iine package. 
A unit mounted in a 16-pin plastic package is designated "TMS 31 14 NC." 

logic definition 

Negative logic is assumed: 

a) Logic 1 = most negative (LOW) voltage 

b) Logic = most positive (HIGH) voltage 

operation 

Tvi/o clock pulses are required for operation of the registers. The pulses should not simultaneously be at Low levels. 
Data is transferred into the registers when clock pulse 01 is pulsed to a Low level. Data shift occurs when clock pulse 
<j)2 is pulsed to a Low level. Output data appears on the High-to-Low transition of clock pulse (p2- 

The registers can drive DTL/TTL gate loads by means of a pull-down resistor, connected between the output terminal 
and the Vqd supply. 

absolute maximum ratings over operating free-air temperature range 

Supply voltage Vdd range (See Note 1) -30 V to 0.3 V 

Supply voltage Vqg range (See Note 1) -30 V to 0.3 V 

Clock input voltage range (See Note 1 ) -30 V to 0.3 V 

Data input voltage range (See Note 1 ) —30 V to 0.3 V 

Operating free-air temperature range -25°C to 85°C 

Storage temperature range -55°Cto150°C 

NOTE 1 : These voltage values are with respect to Vgg (substrate). 
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TMS 3314 JC, TMS 3314 NC 

TRIPLE (60+4) DYNAMIC SHIFT REGISTER 



circuit diagram 



SCHEMATIC DIAGRAM (ONE REGISTER) 
FIRST BIT 



INTERNAL BIT 

vss 



IN 
O-H 



1v^ 

^4 > 



:J 



J 



T 

t 



Vdd 



LAST BIT 






I 






ni-t _ji-f 



*i 




recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 

Drain supply Vqq 
Output supply Vq 


-11 
-11 


-14 
-14 


-16 
-16 


V 

V 


Logic Levels 

Input HIGH level (logic 0) V|h 
Input LOW level (logic 1) V|l 


-3 
-8 




-14 


+0.3 
-29.0 


V 
V 


Clock Voltage Levels 

HIGH level (logic 0) V^h 
LOW level (logic 1) V^l 


-3 
-22 



-28 


+0.3 
-29.0 


V 
V 


Pulse Timing 

Clock pulse transition t^^, tf^ 
Clock pulse width 1 PW^^i 
1 Clock pulse width 2 PW02 


0.22 
0.22 

0.01 

0.01 

75 

75 





5 
10 
10 


MS 

MS 
MS 


Pulse Spacing 

Clock delay to0i2 
Clock delay to021 
Data setup tps 
Data hold tpH 


100 
100 


MS 
MS 
ns 
ns 


Clock Pulse Overlap (See Note 2) 




(NOTE 2) 




ns 


Pulse Repetition Rate (Note 3) PRR 
Data 
Clock 


0.01 
0.01 




2 
2 


MHz 
MHz 



NOTES: 2- The two clock pulses should not be simultaneousiy more than 3 V below Vgs- 
3. Rl = 13 kn, Cl= 10 pF. 



Maximum speed of operation will be obtained when operating at nominal conditions. The design of the unit permits a 
broad range of operation that allows the user to take advantage of readily available power supplies (e.g., +12 V, 0, -12 V). 
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TMS 3314 JC. Tli/IS 3314 NC 
TRIPLE (60+4) DYNAMIC SHIFT REGISTER 



electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


m4x 


UNITS 


\\l_ 1 nput Current ( Leakage) 


V| = -14V 






500 


nA 


'(J>L Clock Current (Leakage) 


V| = -29 V 






100 


HA 


Output Voltage Levels 

Vol Output low level (logic 1) 
Vqh Output high level (logic 0) 


Rl= 13kntoVoD.CL = 10pF 
Ru = 13 kn to Vdo Cl = 10 PF 


-9 


-10 


-2.5 


V 
V 


Output Current 

Iq Logic 
Iq Logic 1 


—14 V applied to output 
—14 V applied to output 


2 




10 


mA 


Power Supply Current Drain 

'do Drsin supply 
Pq Power dissipation 


Ru = 13kn to Voo- 

PW01 = PW<^2 = 200 ns, 

PRF = 2IVIHz 




15 
210 


20 
280 


mA 
mW 


Output Logic Delay 

^DLH Output Low level (logic 1 ) 

*^DHL Output High level (logic 0) 


RL = 13kn, CL = 10pF, 
V0 = -24V 

RL = 13kn, CL=10pF, 
V0 = -25 V 




80 
225 


150 
300 


ns 
ns 


Capacitance 

C||\| Input 
C0 Clock 


V0 = OV, f= 1 WIHz 
V0 = OV, f=1MHz 




3 

55 


5 
65 


pF 
PF 



mechanical data and pin configuration 

The device is available in both a 16-pin hermetically sealed ceramic dual-in-line package (TMS 3314 JC) and a 16-pin 
dual-in-line plastic package (TMS 3314 NC). The packages are designed for insertion in mounting-hole rows on 0.300- 
inch centers. (See MOS/LSI packaging section.) 



16 9 

nnnnnnnn 



D 



TOP VIEW 



uuuuuuuu 

1 8 



J NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


INi 


9 


02 


2 


OUT2 


10 


IN6 


3 


IN3 


11 


OUT5 


4 


OUT4 


12 


IN4 


5 


IN5 


13 


OUT3 


6 


0UT6 


14 


IN2 


7 


01 : 


15 


OUT1 


8 


vss 


16 


vdd 
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TMS 3314 JC, TMS 3314 NC 

TRIPLE (60+4) DYNAMIC SHIFT REGISTER 



timing diagram and voltage waveforms 



INPUT DATA 






tDS 



CLOCK 01 



■"^ / 



pi*|p2i^ 



tD0i2 I I '*'"'*2 I I *D021 



\--r 



tf0 



CLOCK 02 



—J tdLH U— —A *dHL 1^— 



OUTPUT 



V0HZ?Y 

-9 V 

Vol 



/ 



^ 



interface circuits 

a) MOS 



INPUT O- 



OUTPUT O- 



j« ^ j« 



ife- 



INi 

OUT2 

IN3 

OUT4 

IN5 

OUTg 

*2 



VPD 



OUT1 

IN2 
OUT3 
IN4 
OUT5 

iNe 



f 



-12 V 
NOTE: IN THIS FIGURE THE REGISTER HAS BEEN CONNECTED AS A 192-BIT SHIFT REGISTER TO DEMONSTRATE 

MOS INTERFACE. 
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TMS 3314 JC, TMS 3314 NC 
TRIPLE (60+4) DYNAMIC SHIFT REGISTER 



interface circuits (continued) 

b) TTL 



+12 V 



+12 V 




SN7426 





Vss 
IN OUT 



TMS 3314 X:/NC 



3.9 kn 

HSAAr- 



r 



|SN7400 I 

ll V I 




.6.8kn 



"-I-^ 



0-12V 
* SELECT R FOR SYSTEM REQUIREMENTS OF SPEED AND POWER DISSIPATION. 



PRINTED IN U.S.A. 
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MOS TMS 3401 LC, NC- 512-BIT DYNAMIC SHIFT REGISTER 

LSI TMS 3402 IC, NC 500-BIT DYNAMIC SHIFT REGISTER 



features 



Two-phase dynamic logic 

5-MHz operation 

Directly TTL compatible at input and output 

No external resistors required 

Low power dissipation - 0.2 mW/bit 1 MHz 

Output dejay — 50 ns 

Low-threshold technology 

Power supplies — +5 V, —12 V 

Push-pull output buffer 



description 



ineoi^-Dit I MS o40 1 i_wi^o dnu me duU-uu iivio a'+u-i i-o/imo aie nian-spceu uyiiaiinCjuiii •ssjioi.cio. « ■-..i^.c-- ^v.- 
phase design has been employed to minimize power consumption. 

Because both input and output are TTL compatible without the use of external resistors, these registers can be strung 
together directly and can interface directly with bipolar systems. 

The circuits are constructed using MOS P-channel thiclc-oxide and low-threshold technologies to implement low-threshold 
MOS devices. The design uses programmable technique^ and the number of bits may be altered through single-level pro- 
gramming for a nominal charge. 

logic definition 

Positive logic is assumed. 

a) Logic 1 = most positive (HIGH) voltage 

b) Logic = most negative (LOW) voltage 

operation 

Data is transferred into the register when the 0i clock is Low (-12 V). The data must be held steady for at least 30 
nanoseconds before the clock goes to the High state (+5 V). One of two internal resistors (1 .5 kfl or 6 kJ2) can be con- 
nected to assist in pulling up the logic 1 level provided by DTL or TTL. 

Output delay time is defined as the period required for the output to reach the DTL or TTL changeover threshold after 
the 02 clock reaches 90% of its Low voltage. This time is faster than 50 nanoseconds. 

programming 

The device has been so designed that by changing only one level of artwork the designer can obtain any bit length between 
233 and 512 bits. The 512-bit length {TMS 3401 LC/NC) and the 500-bit length (TMS 3402 LC/NC) are available off 
the shelf. Other bit lengths are obtained through use of computer-aided design methods, providing fast, accurate and 
economical turnaround. The electrical characteristics and pin configuration are the same for the whole family of 
devices. 
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TMS 3401 LC. NC- 512-BIT DYNAMIC SHIFT REGISTER 
TMS 3402 LC, NC- 500-BIT DYNAMIC SHIFT REGISTER 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vqq range (See Note 1) -20 V to 0.3 V 

Supply voitage Vqg range (See Note 1) . -20 V to 0.3 V 

Clock input voltage range (See Note 1) — 30 V to 0.3 V 

Data input voltage range (See Note 1 ) , —20 V to 0.3 V 

Operating free-air temperature range — 25"C to 85°C 

Storage temperature range -55°C to 1 50°C 

Input pull-up resistor voltage range —6 V to 0.3 V 

NOTE 1 : These voltage values are w/ith respect to Vss (substrate). 

recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 










Substrate supply Vss 


+4.5 


+5 


+5.5 


V 


Drain supply Vqq 











v 


Gate supply Vqq 


-13 


-12 


-11 


v 


Logic Levels 










Input HIGH level Vjh 


Vss -1.5 




Vss 


V 


Input LOW level V|l 


-13 




+0.8 


V 


Clock Voltage Levels 










Clock HIGH level V^h (See Note 2) 


Vss-1 




Vss 


V 


Clock LOW level V0l 


-14 


-12 


-11 


V 


Pulse Timing 










Clock pulse transition t^^, tf^ 






1 


liS 


Clock pulse width 1 (5 MHz) PW^i 


0.075 




10 


MS 


Clock pulse width 2 (5 MHz) P\N^2 


0.075 




10 


MS 


Pulse Spacing 




"1 






Clock delay td(^i2 






50 


MS 


Clock delay t(j021 






50 


MS 


Data setup tps 


50 






ns 


Data hold ton 


10 






ns 


Pulse Repetition Rate PRR 










Data 


0.02 




5 


MHz 


Clock 


0.02 




5 


MHz 



NOTE 2: Both clock pulses should not be simultaneously more than 2 V below Vgs- 

mechanical data and pin configuration 

The TMS 3401 LC and the 3402 LC are mounted in T0-1(K) packages. (See MOS/LSI packaging section.) 




EADNO. 


FUNCTION 


LEAD NO. 


FUNCTION 


1 


Vdd 


6 


Input pull-up resistor (1.5 k£l) 


2 


Output 


7 


Input 


3 


vgg 


8 


Input pull-up resistor (6 kS2) 


4 


Vss 


9 


Clock 02 ■ 


5 


No connection 


10 


Clock 01 1 



BOTTOM VIEW 



continued 
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TMS 3401 LC, NC- 512-BIT DYNAMIC SHIFT REGISTER 
TMS 3402 LC, NC- 500-BIT DYNAMIC SHIFT REGISTER 



mechanical data and pin configuration (continued) 

The TMS 3401 NC and the TMS 3402 NC are mounted in 16-pin dual-in-line plastic packaoes desiqned for insertion in 
mounting-hole rows on 0.3D0-inch centers. (See MOS/LS! packaging section.) 



ri n n n n n n 


9 

n 


~~) TOP VIEW 

• 

S~rT-T -r-TT-T-rTT T-rr 





NO. 


FUNCTION 


P!N NO. 


FUNCTION 


1 


Input 


9 


vgg 


2 


R2i6kn) 


10 


No connection 


3 


02 


11 


No connection 


4 


No connection 


12 


No connection 


5 


01 


13 


No connection 


6 


Vdd 


14 


No connection 


7 


No connection 


15 


R| (1.5 kn) 


8 


Output 


16 


Vss 



electrical characteristics (under nominal operating conditions at 25"^ C unless otherwise noted) 



PARAMETER 



hL 



Input current (leakage) 



'd)L 



Clock cuirent (leakage) 



Output Voltage Levels 

Vol Output LOW level (Note 31 

Vqh Output HIGH level (Note 3) 



Vol 

VOH 



Output LOW level (Note 3) 
Output HIGH level (Note 3) 



Power Supply Current Drain 

\qq Drain supply (Note 4) 
Iqq Gate supply (Note 4) 
Pp Power dissipation 



TEST CONDITIONS 



Vj =ov. 



Vss=+5V 



V0-OV, 



Vss = +5 V 



TTL load, 
f = 5 MHz 
TTL load, 
f --= 5 MHz 
Iq = +1.6 mA 
\q = -1 mA 



Ci_ = 10 pF, 
Cl= 10 pF, 



Vss = 0, 

Vdd = 5 V 



Vgg = 17 V 



MIN 



TYP 



MAX 



500 



50 



+3,6 



+4.5 



+0.15 

+4.5 

+0.15 
+4.7 



3.5 
350 



+0.4 



+0.4 



0.1 

7 



UNITS 



mA 



mA 
mA 
mW 



3. For final test purposes, a worst-case TTL load is simulated by a load of 2 7 kfl and a capacitance of 10 pF. A worst-case MOS 
load is simulated by a load of 20 kSI and 20 pF. All loads are connectea between output and Vgs- 

4. Does not include output stage load or transient current In the MOS load mode the current will consist of transients due to 
capacitor discharge and/or leakage current. 



dynamic electrical characteristics (under nominal operating conditions at 25° C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


max"' 


UNITS 


Output Logic Delay 

^DLH Output LOW level 

^DHL Output HIGH level 


TTL load, Cl = 10pF, 
f = 5MH2 

RL=10Mn, Cl = 10pF, 
f = 5MHz 


10 

15 


50 

50 


ns 

ns 


TTL load, Cl = 10pF, i 
f = 5 MHz 

RL = 10Mn, C|_-10pF, 
f=5MH2 i 


50 
30 


ns 
ns 


Capacitance 

C\fi Input 
C^ Clock 


Vi = Vss, t= 1 MHz 
Vp = Vss, f = 1 MHz 


5 
220 


7 
280 


pF 
pF 
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TMS 3401 LC, NC- 512-BIT DYNAMIC SHIFT REGISTER 
TMS 3402 LC, NC -500-BIT DYNAMIC SHIFT REGISTER 



timing diagram and voltage waveforms 



V|H 
INPUT DATA 



ViL -ra%- 






'0H 



CLOCK (p-i 



1 ^ 'M ^ *DH_ 



1 
PRR 




internal diagram 



o-l_T 




• <► 



FIRST BIT 



d 



INTERNAL BITS 



511 -BITS 



01 02 



OUTPUT 



BUFFER 




6 

Vqg 



vdd 
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TMS 3401 LC, NC- 512-BIT DYNAMIC SHIFT REGISTER 
TMS 3402 LC, NC- 500-BIT DYNAMIC SHIFT REGISTER 



interface circuits 

a) MOS 




b) TTL 



+5V O- 



CLOCK,-. 

CLOCI^J , 

02 



SN7400 



n 




I 



X 



vss 



<P2 OUT 

3401A}2 
IN 

VgG Vdd 



T 



SN7400 




T 
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MOS TMS 3404 JC. TMS 3404 NC 

LSI DUAL 512-BIT DYNAMIC SHIFT REGISTER 



features 



GO 

Two-phase dynamic logic ^ 

• 5-MHz sliift rate s 

< 



• 



Low power - 0.1 mW/bit at 1 MHz 

• Power supplies - +5 V. -12 V 

• Single-ended output 

• TTL compatible — without external components 

• Low-threshold technology 



description 



-The TMS 3404 JC/NC consists of two high-speed 512-bit dynamic shift registers. The bits are implemented by a ratio- 
less two-phase design to minimize power consumption. Inputs and outputs are TTL compatible-without use of exter- 
nal components. 

The entire device is constructed on a single monolithic chip using thick-oxide techniques and low-threshold MOS P-chan- 
nel enhancement-mode transistors. 

TMS 3404 JC is the part number for this device mounted in a 16-pin ceramic dual-in-line package. Mounted in a 16-pin 
plastic package the device is designated TMS 3404 NC. 

logic definition 

Positive logic is assumed. 

a) LOGICAL 1 = most positive voltage 

b) LOGICAL0 = most negative voltage 

operation 

Data is transferred into the register when the 4>-\ clock is Low (-12 V). The data must be set up at least 100 nanoseconds 
before the clock 0i goes to the high state (+5 V) and held steady at least 20 nanoseconds after ^i reaches this state. 

Output delay time is defined as the time required for the output to reach the DTL or TTL changeover threshold after 
the 02 clock reaches 90% of its Low voltage. This time is faster than 100 nanoseconds. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -20 V to 0.3 V 

Supply voltage Vqg range (See Note 1 ) . . -20 V to 0.3 V 

Clock input voltage range (See Note 1 ) —20 V to 0.3 V 

Data input voltage range (See Note 1 ) —20 V to 0.3 V 

Operating free-air temperature range — 25°C to 85°C 

Storage temperature range — 55°C to 1 50°C 

NOTE 1 : These voltage values are with respect to Vss (substrate). 
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functional block diagram and pin configuration 



TMS 3404 JC/NC 
(16PIN DUAL-IN-LINE CERAMIC OR PLASTIC PACKAGE) 

1/P2 0/P, 



ay 
Qy 



16) 



(?> 



'ss 



Ri 



rivi^ 



512 BITS 

k A A A 



V T y V 



'DD 



<P1 



*2 



512 BITS 



O/P1 






(13) 



-(?) 



recommended operating conditions 



PARAMETER 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 

Substrate supply Vgs 
Gate supply Vqg 


+4.75 
-13 


+5 
-12 


+5.25 
-11 


V 
V 


Logic Levels 

Input High level V|h 
Input Low level V|l 


Vss -1.6 
Vss-18 




Vss 

Vss -4.2 


V 
V 


Clock Voltage Levels 

Clock HIGH level V^h 
Clock LOW level V^l 


Vss-1.0 
Vss -19 




Vss 

Vss -16 


V 
V 


Pulse Timing 

Clock pulse transition t^^ tf^ 
Clock pulse width PW0i 
Clock pulse width PW02 


0.080 
0.080 




1 
10 
10 


fiS 
JlS 

US 


Pulse spacing 

Clock delay t(j0i2 
Clock delay t(j021 
Data setup tps 
Data hold tpH 


0.010 
0.010 
0.100 
0.020 




50 
50 


flS 

us 
MS 


Pulse Repetition Rate PRR 
Data 
Clock 



.01 




5.0 
5.0 


MHz 
MHz 
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static electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


l|L Input Current 


V||\|=— 12V, Vss = +5 V 






500 


nA 


'0L Clock Current 


V^ = -12V, Vss = +5V 






10 


HA 


Output Voltage Levels 

Vol Output LOW level 
Vqh Output HIGH level 


TTL load 


Vss -4.6 
Vss -1-8 




Vss 


V 
V 


Supply Current Drain 

IqG Gate supply 


Vss = OV, Vgg = -17V 






3 


mA 



NOTE 1: Power dissipation (mW) = 80 + 90 X F^ (MHz) + 0.5 X [PW(ji(ns) + PWd,2(ns)] x Frf, (IVIHz) 



V02(ns)j X r-0 i 



dynamic electrical characteristics 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Logic Transition 












Time 

tr Rise 
tf Fall 






50 
50 




ns 
ns 


Output Logic Delay 

tpL Output Low level 
tQH Output High level 


TTL load 
TTL load 




100 
100 




ns 
ns 


Capacitance 

C|[vj Input 
C0 Clock 






8 
350 




pF 
pF 
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TMS 3404 JC, TMS 3404 NC 

DUAL 512-BIT DYNAMIC SHIFT REGISTER 



timing diagram and voltage waveforms 



V|H 



INPUT DATA 

V|L _ - - 

90% 



V0H 



tDS 



hN 



irv^ \ '^ \f \ A 



V^L 90% \ T N ^ 



I. '"♦'.I 



tD0l2 1 1 PW02 1 I tD021 I I 



■tf0 



V0H 

CLOCK 02 

V0L 



■^. iiT 



10% -vi i/| 



"A / 



VOH 

output (ttl load) 

Vol ^^^5v 



tdLH 



tdHL 
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mechanical data and pin configuration 

The device is available in both a 16-pin hermetically sealed ceramic dual-in-line package (TMS 3404 JC) and a 16-pin 
plastic package (TMS 3404 NC). The packages are designed for insertion in mounting-hole rows on 0.600-inch centers. 
(See MOS/LSI packaging section.) 



1 c 


. U 


b« 


E 




3 




TOP 
VIEW 


3 
3 
3 


d 




3 


c: 




3 


8C 




39 



PIN NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


Output 2 


9 


Clock 1 


2 


NC 


10 


NC 


3 


NC 


11 


NC 


4 


Input 2 


12 


NC 


5 


Input 1 


13 


NC 


6 


vgg 


14 


Clock 2 


7 


NC 


15 


NC 


8 


Output 


16 


vss 



interface circuits 



a) MOS 



Note: In this figure the TMS 3404 has been connected as a single 1024-bit register to demonstrate MOS interface 

\± 



CLOCK 
DRIVER 



DATA IN O- 



Itii 
IN2 



01 <l>2 



Vss 



TMS 3404 



Vqg 



OUT1 



OUT2 



6 -17 V 



-O DATA OUT 



b) TTL 



n 



SN7400 



DATA IN 



o 



t ., 



,+5 



1^ -,!(: 



+5V 



L. 



rSN7400 



n 



,N^ ^SS 0UT1 



01 
02 

IN2 



TMS 3404 



Vqg 



OUT2 



Z -12 V 




DATA OUT 



"x— ^ 



7.5 kn 
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TMS 3406 LR 
DUAL 100-BIT DYNAMIC SHIFT REGISTER 



featu 



es 



Low power dissipation — 0.4 mW/bit typical at 1 MHz 
- 1 mW/bit typical at 2 MHz 

High-frequency operation - 2.5 MHz guaranteed 

TTL/DTL compatible 

Single-ended output buffer 

Low-threshold technology 



description 

The Texas Instruments TMS 3406 LR consists of two separate 100-bit dynamic shift registers with independent input 
and output terminals. Only one power supply and two clock phases are required for operation. Low-threshold, thick- 
oxide, MOS P-channel enhancement-mode circuitry has been employed to reduce power dissipation and permit easy 
interface between the TMS 3406 LR and Bipolar integrated circuits. 

mechanical data and pin configuration 

The TMS 3406 LR is mounted in a TO-99 package (see MOS/LSI packaging section). 




LEAD NO. FUNCTION 



Input 1 
Output 1 
Input clock {(p2) 

vss 



LEAD NO. 

5 
6 
7 
8 



FUNCTION 

Input clock (01 1 
Output 2 
Input 2 

vdd 



BOTTOM VIEW 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vqd range (See Note 1) -20 V to 0.3 V 

G^ock voltage V,^ (See Note 1 ) -20 V to 0.3 V 

Data input voltage ranges (See Note 1) -20 V to 0.3 V 

Power dissipation 600 mW 

Operating free-air temperature range — 55°C to 85°C 

Storage temperature range -55°Cto150°C 



recommended operating conditions (— 55°C to 85°C) 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage Vqd (See Note 1) 


-9 


-10 


-12 


V 


Clock voltage V^l (See Note 1) logic 


-15 


-16 


-18 


V 


Clock voltage V^h (See Note 1) logic 1 


+0.3 


-0.5 


-1.5 


V 


Width of clock pulse tpi (See voltage waveforms) 


150 






ns 


Width of clock pulse tp2 (See voltage waveforms) 


150 






ns 


Transient time of clock pulse, tr, tf (See voltage waveforms) 






5 


MS 


Clock delay time, tjj (See voltage waveforms) 


20 






ns 


Width of data pulse, tp (See voltage waveforms) 


170 






ns 


Data pulse before clock change tpo (See voltage waveforms) 


150 






ns 


Clock repetition rate 


0.01 




2.5 


MHz 



NOTE 1 : These are voltage values with respect to most positive supply voltage, Vgs- 
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logic definition 

Positive logic is assumed 

a) Logic 1 = most positive (high) voltage 

b) Logic = most negative (low) voltage 

electrical characteristics (at nominal operating conditions and 25° C) 

Vqq = -5 V, Vss = +5 V, V0H = -1 1 V, V^l = +5 V, and Cl = 10 pF, unless otherwise noted. 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VinCij Logic 1 data input voltage 




+3.0 


+5 


+5.3 


V 


Vjn(o) Logic data input voltage 




-10 


+0.2 


+0.8 


V 


'^out(l) Logic 1 output voltage 


Load = 3.3 kn, tpi = 150ns 


+3.5 






V 


Vout(O) Logic output voltage 


Load = 3.3 kfi. 

Load = 3.3 kn, Il= 1.6 mA 






-3.0 
+0.4 


V 
V 


Rout Output resistance 


Output at logic 




300 


450 


fi 


lR(jnj ! nput leakage current 


Vin = -5 V, Ta = 25°C 




0.5 


mA 


Cjn Capacitance of input 


Vin = +5 V, Ta = 25°C 
f = 1 MHz 




5 


7 




0^1 2 Capacitance of clock input 


V^ = +5 V, Ta = 25°C 1 
f = 1 MHz i 


40 


50 




'DD(I) Average supply current (See Note 2) 


f = 1 MHz (tpi = 200 ns, 
tp2 = 200 ns) 
f = 1 MHz (tpi = 150 ns, 
tp2= 150 ns) 




6 
4.5 


12 
10 


mA 
mA 


'rf)1,2 Average supply current for clock mode 


f = 1 MHz (tpi = tp2 = 200 ns) 
f = 1 MHz (tpi = tp2= 150 ns) 




0.5 
0.4 


1.5 
1.2 


mA 
mA 



NOTE 2: These values do not include the current flowing through the load resistor. 

switching characteristics 

Vqq = -5 V, Vss = +5 V, V(^H = -1 1 V, V(^L = +5 V, and Cl = 10 pF, unless otherwise noted. 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Propagation delay time to logical 1 
P'^^ level from clock (&i to data output 


See Voltage Waveforms 
Load = 3.3 kn 




100 


150 


ns 


Propagation delay time to logical 
P°^ level from clock 0i to data output 


See Voltage Waveforms 
Load = 3.3 kli 




120 


180 


ns 
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timing diagram 



CLOCK 02 



CLOCK 01 



DATA IN 



DATA OUT 






"^ 



■^ >J '-« — tf 

I I 




90%JL90% 



^PO^ JJelI^ 






■Jtpdlr* 

I *2 



10% 



»-^ DELAY(J=^ 




iO%J. 90% 



IW*— 



+5V 



+3 V MIN 



+ 1 V MAX 



-t-3VMIN 



+0.4 V MAX 



TTL interface 



r 



+5V 



3.9 kn > > 3.9 kn 



O 1- 



r>u 



' ' i 



I I 



vss 



TMS 3406 LR 



Vdd 



r 



I 1 



3.3H(n 



3.3 kfi 



O -5V 
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MOS interface 



)Vdd 



MOS 



3.3 kn > >3.3kn 



TMS 3406 LR 



MOS 



NOTE: The TMS 3406 LR features an open-ended buffer; however, load resistors of 3.3 kn and 20 kSl can be programmed on the chip, upon 
• request. At the input, resistors of 1 kfl and 5 kfl can be programmed upon request. 



1.0 - 



s 

E 

z 
o 

< 0.5 



POWER DISSIPATION/BIT AT 1 MHz vs TEMPERATURE 



vdd-Vss = -"V 

Vrf, = -18V 




Vdd-vss"-iov 



'«' 



-16 V 



^/i Vdd-Vss = - 
//l V<^ = -15V 



9V 



AT 1 MHz 

tpl = tp2 = 200 nsec 



-50 C 



"~l 1 — 

o°c zs^c 



85°C 



1.0 J 



0.5 



POWER DISSIPATION/BIT AT 2 MHz vs TEMPERATURE 



Vdd-Vss"-ii V 

Vrf,= -16V 




vdd-Vss = -iov 

V^ = -16V 

VdD-Vss=-9V 
Va = -15V 



AT 2 MHz 

t_^ » 150 nsec 
tp2 = 150 nsec 



-50°C 



25°C 



1 — 

85°C 
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DUAL 100-BIT DYNAMIC SHIFT REGISTER 



POWER DISSIPATION vs FREQUENCY 



PACKAGE POWER DISSIPATION vs TEMPERATURE 



10 



Vdd-Vss = -iov 

Vrf, = -16V 




tpl = tp2 = 200 ns 



tpi = tp2 = 150 ns 



IK 10K 102k 103k 

FREQUENCY (Hz) 



600 



400 
200 . 



-50 



-25 25 50 75 100 

TEMPERATURE (°C) 



SCHEMATIC OF TMS 3406 LR INTERNAL ORGANIZATION 



in(1) 



t 1 

Vss vss Vss 




Vss Vss 



INPUT 



INTERNAL BIT 



^►02 



^•^ 



ikjz 



]l_H»— iH JI-^»— IL jJ 



ltf>1 



02 



Vss Vss 

BUFFER 




OUTPUT 
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TMC 3409 JC, TMC 3409 NC 
QUADRUPLE 80-BIT DYNAMIC SHIFT REGISTER 



features 



2.5-MHz shift rate 
Recirculate logic 

Power supplies - +5 V, V, -12 V 
All inputs TTL compatible 
Single TTL compatible clock 
TTL compatible outputs 
Low power — 300 mW 
Low-threshold technology 
Dual-in-line package 



description 

The TMC 3409 JC/NC consists of four 80-bit shift registers with separately controlled logic for recirculating data in each 
register. A single-clock generator provides two clock phases to all four registers. Data, recirculate-control and clock in- 
puts are all TTL compatible. Each output interfaces directly with TTL without the use of external components. 

Low-threshold, thick-oxide MOS P-channel enhancement-mode circuitry has been employed to reduce power dissipation 
and permit easy interface between the TMC 3409 JC/NC and bipolar integrated circuits. 

"TMC 3409 JC" is the part number for a unit mounted in a 16-pin hermetically sealed ceramic dual-in-line package. A 
unit mounted in a 16-pin plastic package is designated "TMC 3409 NC". 

logic definition 

Positive logic is assumed. 

a) Logical 1 = most positive voltage (High) 

b) Logical = most negative voltage (Low) 

operation 

Data is transferred into the register when the internal clock <p-\ is on. The internal clock is on when the external clock 
input is high, but the changes of level occur some 100 nanoseconds behind the external drive. To be entered, data 
must be held true at least 100 nanoseconds after the external clock drive has changed state. 

True output data becomes available about 100 nanoseconds after the TTL clock goes to Low. 
Information in the register during the recirculate mode continues to be read out. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -20 V to 0.3 V 

Supply voltage Vgg range (See Note 1) -20 V to 0.3 V 

Clock input voltage range (See Note 1 ) -20 V to 0.3 V 

Data input voltage range (See Note 1 ) -20 V to 0.3 V 

Operating free-air temperature range —25 C to 85 C 

Storage temperature range —55 C to 1 50 C 

NOTE 1 : These voltage values are with respect to Vgs (substrate). 



PRELIMINARY DATA SHEET: 
Supplementary data will be 
published at a later date. 
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functional block diagram 



oe) (i^ di) 



r 



@ @ @ 




V 



80-BIT 
REGISTER 



® ® 



80-BIT 
REGISTER 




LO; 



~1 



I 




© 



8Q-BIT 
REGISTER 




(e)®® 



I 



®®(2)® 



pin configuration 

This device is available in both a 16-pin hermetically sealed ceramic dual-in-line package (TMC 3409 JC) and a 16-pin 
plastic package (TMC 3409 NC). 

The package for TMC 3409 JC is designed for insertion in mounting-hole rows on 0.300-inch centers. For the TMC 3409 
NC the package is designed for mounting-hole rows on 0.600-inch centers. (See MOS/LSl packaging section.) 
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13 
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3 


6 


Input B 
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recommended operating conditions 



PARAMETER 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 










Substrate Supply Vss 


+4.75 


+5.0 


+5.25 


V 


Drain supply Vqq 











V 


Gate supply Vqq 


-13 


-12 


-11 


V 


Logic Levels 










Input High level V||-) 


Vss -2.0 




Vss 


V 


Input Low level V|l 


-13 




+0.8 


V 


Clock Voltage Levels 










Clock High level V^h 


Vss -2.0 




Vss 


V 


Clock Low level V^l 


-13 




+0.8 


V 


Pulse Timing 










Clock pulse transition t^^, tf^ 




10 


100 


ns 


Clock pulse width High PW^h 


150 




50000 


ns 


Clock pulse width Low PW^l 


160 




50000 


ns 


PW^H ^ PW0L 


.02 




50 




Pulse Spacing 










Data setup Iqq 


100 






ns 


Data hold tpH 


100 






ns 


Recirculate Enable setup tpg 


200 






ns 


Recirculate Enable hold Irh 


100 






ns 


Pulse Repetition Rate PRR 










Data fp 







2.5 


MHz 


Clock f0 


.01 




2.5 


MHz 



Static electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


l|L Input Current 


V|N=0 




100 


nA 


'<i)L Clock Current 


V0 = O 




100 


nA 


Output Voltage Levels 










Vql Output Low level 


ISINK = 1.6 mA 


1 0.3 


0.4 


V 


Vqh Output High level 


'load = 0.5 mA 


Vss -lOi Vss -0.5 


Vss 


V 


Power Supply Current Drain 












ISS Substrate supply 


25°C 




25 


30 


mA 


'DD Drain supply 


25°C 




15 




mA 


Iqq Gate supply 


25°C 




10 


12 


mA 


Pq Povtfer Dissipation 


25°C 




250 


300 


mW 



dynamic electrical characteristics 





PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 




Output Logic Transition Time 














tr Rise 






30 


50 


ns 




tf Fall 






30 


50 


ns 




Output Logic Delay 














tQL Output Low level 






100 


150 


ns 




tQH Output High level 






100 


150 


ns 




Capacitance 














C||\i Input (Data and Recirc Enable) 


VlN = Vss 






10 


pF 




C0 Clock 


V0 = Vss 






25 


pF 
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timing diagram and voltage waveforms 
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MOS TMS 3412 JC, NC; TMS 3413 LC, NC; TMS 3414 LC, NC 

LSI 1024-BIT DYNAMIC SHIFT REGISTER 



features 



• 0.01 -MHz to 6-MHz operation > 

• Low power dissipation "^ 

• Open-drain output buffer ;^ 

• DTL, TTL compatible 

• Low clock capacitance (70 pF typ) 

• Low-threshold silicon-gate multilevel technology 

• 4x256 bits TMS 3412 

• 2x512 bits TMS 3413 

• 1 X 1024 bits TMS 3414 

• Dual-in-line or plug-in package 



description 



The circuits TMS 3412 JC/NC, TMS 3413 LC/NC and TMS 3414 LC/NC are a family of two-phase dynamic shift regis- 
ters. Each device is constructed on a single monolithic chip by use of silicon-gate technology and P-channel enhance- 
ment-mode transistors. Input and output terminals in the multiple register circuits are independent; clocks and power 
are common. Internal multiplexing results in a data shift rate twice the clock rate. Each clock pulse on the phase-1 or 
phase-2 line shifts the data one bit. 

A unit mounted in a 16-pin hermetically sealed ceramic dual-in-line package is designated "JC". "LC" is the designa- 
tion for a device mounted in an 8-lead TO-99 package. A unit mounted in a 16-pin dual-in-line plastic package is 
designated "NC". 

logic definition 

Positive logic is assumed. 

a) Logical 1 = most positive voltage 

b) Logical = most negative voltage 

operation 

Two clock pulses are required for operation of the registers. The pulses should not be at low level simultaneously or 
data errors will occur. 

Data is transferred into the register when the clock pulse, phase 1 or phase 2, is at the low level. Output data appears 
after the high-to-low transition of the clock pulse, phase 1 or phase 2. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -20 V to 0.3 V 

Clock input voltage range (See Note 1 ) -20 V to 0.3 V 

Data input voltage range (See Note 1 ) -20 V to 0.3 V 

Operating free-air temperature range -55 C to 85 C 

Storage temperature range —55 Cto 150 C 

NOTE 1 : These voltage values are with respect to Vss (substrate). 
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TMS 3412 JC, NC; TMS 3413 LC, NC; TMS 3414 LC, NC 
1024-BIT DYNAMIC SHIFT REGISTER 

functional block diagram 
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recommended operating conditions 



PARAMETER 


TEST CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 












Substrate supply Vss 


VoD = -5V±5% 


+4.75 


5 


5.25 


V 


Drain supply Vqq 


Vss = +5V ±5% 


-4.75 


-6 


-5.25 


V 


Logic Levels 












Input High level V|h 




Vss- 1-7 




Vss+0.3 


V 


Input Low level V|l 




Vss-4.2 




Vss-10 


V 


Clock Voltage Levels 












Clock High level V^h 




Vss- 1.0 




Vss+0.3 


V 


Clock Low level V0|_ 




Vss- 15.0 




Vss- 17.0 


V 


Pulse Timing 












Clock pulse transition t^^, tf0 








1000 


ns 


Clock pulse width 1 PW^i 




100 






ns 


Clock pulse width 2 PW02 




100 






ns 


Pulse spacing 












Clock delay tD0i2 


PW0i=PW02= 100 ns 


40 






ns 


Clock delay tD021 


PW0i=PW02= 100 ns 


40 






ns 


Data setup tps 




40 






ns 


Data hold tpH 




40 






ns 


Pulse Ffe petition Rate PRR 












Data 








6 


MHz 


Clock 








3 


MHz 
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static electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


l|L Input Current 


ViN = -5V, Vss = +5V 






500 


nA 


I^L Clock Current 


V0 = -1OV, Vss = +5V 






1000 


nA 


Output Voltage Levels 

Vol Output Low level 

Vqh Output High level 


RL = 3kn, Il = 1.6 mA, 
Vss = +5 V 

Driving TTL, Rl = 3 kfl, 
Vss = 4.75 V 


2.5 




0.5 


V 
V 


Power Supply Current Drain 

1 OD Drain supply 

Pq Power Dissipation 


Vss = +5 V, Vdd = -5 V, 

V^ = -12V 

5-MHz Data Rate, 35% Duty Cycle 




35 


50 
600 


mA 
mW 



dynamic electrical characteristics 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Logic Delay 

tQLHI Output Low level 
tQHLI Output High level 


1 TTL load (See Note 2) 
1 TTL load (See Note 2) 






80 
80 


ns 
ns 


Output Logic Delay 

*DLH2 Output Low level 
tpHL2 Output High level 


MOS load (See Note 3) 
MOS load (See Note 3) 






80 
80 


ns 
ns 


Capacitance 

C|N Input 
C^ Clock 


(See Note 4) 


2.5 
60 


70 


5 
80 


pF 
pF 



NOTES: 2. Vss = +5 V ± 5%, VpD = -5 V ± 5%, V0i_=-1OV 

3. Vss = OV, VoD= -10 V±10%, V0l=-15V 

4. 16-pin CDIP - C|N min, 7 pF; C|Nmax, 8pF 

mechanical data and pin configuration 

The TMS 3412 is available in both a 16-pin hermetically sealed ceramic dual-in-line package (JC) and a 16-pin plastic 
package (NC). The packages are designed for insertion in mounting-hole rows on 0.300-inch centers. (See MOS/LSI 
packaging section.) 
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NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


OUTi 


9 


OUT3 


2 


NC 


10 


IN3 


3 


INi 


11 


<t>2 


4 


01 


12 


Vdd 


5 


vcc (Vss) 


13 


NC 


6 


0UT2 


14 


OUT4 


7 


NC 


15 


NC 


8 


IN2 


16 


IN4 
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TMS 3412 JC, NC; TMS 3413 LC, NC; TMS 3414 LC, NC 
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mechanical data and pin configuration (continued) 



The TMS 3413 and TMS 3414 are available both in 8-lead TO-99 packages (LC) and in 16-pin dual-in-line plastic 
packages (NC) designed for insertion in mounting-hole rows on 0.300-inch centers. (See MOS/LSI packaging section. 




BOTTOM VIEW 
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TMS 3413 LC 


TMS 3414 LC 


LEAD NO. 


FUNCTION 


LEAD NO. 


FUNCTION 


1 


Output 1 


1 


NC 


2 


Input 1 


2 


Input 


3 


01 


3 


A^ 


4 


VCC (Vss) 


4 


Vcc (Vss) 


5 


Output 2 


5 


Output 


6 


Input 2 


6 


NC 


7 


02 


7 


02 


8 


Vdd 


8 


Vdd 


TMS 341 3 NC 


TMS 3414 NC 


PIN NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


NC 


1 


NC 


2 


NC 


2 


NC 


3 


Input 1 


3 


Input 


4 


«1 


4 


01 


5 


Vss 


5 


Vss 


6 


Output 2 


6 


Output 


7 


NC 


7 


NC 


8 


NC 


8 


NC 


9 


NC 


9 


NC 


10 


Input 2 


10 


NC 


11 


02 


11 


02 


12 


Vqd 


12 


Vqd 


13 


NC 


13 


NC 


14 


Output 1 


14 


NC 


15 


NC 


15 


NC 


16 


NC 


16 


NC 



14-104 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX S012 • DALLAS, TEXAS 78282 



TMS 3412 JC. NC; TMS 3413 LC. NC; TMS 3414 LC. NC 
1024-BIT DYNAMIC SHIFT REGISTER 



timing diagram and voltage waveforms 
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circuit diagram 
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BIT N DEVICE 
256 TMS 3412 JC 
512 TMS3413LC 
1024 TMS 3414 LC 
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interface circuits 

a) MOS 



ANY REGISTER IN TMS 3412/13/14 



DATA IN O- 



1 



*1 *2 



vss 

OUT 

Vdd 



ov 




-O DATA OUT 



3 kn EXTERNAL 
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READ-ONLY MEMORIES 



1) Introduction 

The information stored in a Read-Only Memory (ROM) is permanently programmed into tine circuit at 
the time of its manufacture. Once the information is entered it cannot be changed — it can, however, be 
read out as often as desired. Before MOS circuits became available, the only practical means of realizing a 
ROM were with discrete-diode matrices, or core memories. The most obvious advantages of MOS ROMs 
are: 

Cost — MOS typically one tenth that of diode matrix 

Size - MOS can put 4096 bits in a 24-pin package (chip size is 120 X 110 mil) 

Speed - New MOS techniques can provide access times as low as 50 nsec. 

2) Structure of an MOS ROM 

A single MOS ROM device will be made up of three sections: 

• DECODER in which the binary address is decoded and X-Y pairs of lines going 

to the memory matrix are enabled (one pair of X-Y lines if there is 
one bit per output word; two pairs of X-Y lines if there are two bits 
per output word, etc.) 

• MEMORY MATRIX containing as many MOS-transistor locations as there are bits in the 

memory. 

• BUFFER which supplies output levels for the external circuitry. 
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EXAMPLE 1024x4 ROM 



Consider for example a 4096-bit ROM organized as 1024 words of 4 bits. At the intersection of every 
X-line and Y-line, an MOS transistor can be either constructed or omitted by growing either a thin-gate 
oxide or a thick-gate oxide. The absence of an MOS transistor will be interpreted by the buffer as a logic 0, 
and the presence of a thin-gate MOS transistor will be interpreted as a logic 1. The programming of the 
memory (placement of the thin-gate oxide transistors) is performed during the manufacturing process. 
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FROM DRAIN SELECTOR 



FROM GATE SELECTOR 
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lil 



METALLIZATION 
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(NO TRANSISTOR) 



GATE OXIDE REMOVAL 
(TRANSISTOR) 



P DIFFUSIONS 



3) Static or Dynamic? 

Aside from the organization of the ROM, which defines its bit capacity, the most important parameter 
in most applications is probably access time. Access time is defined as the time required for a valid output 
to appear after a valid input has been applied. 

In a static ROM there are no clocks required. If a valid input address is applied to the memory, after 
the expiration of the required access time, a valid output will appear. The output will remain valid as long 
as the input address remains unchanged. The use of static read-only memories is very straightforward and Tl 
has developed a complete line. 

In a conventional dynamic read-only memory, the information is clocked in and clocked out. The 
output will only remain valid for a certain period. Dynamic read-only memories are advantageous to 
implementing synchronous logic. To take advantage of their logic flexibility and to allow the output to be 
kept valid as long as desired, Tl has designed in latches on the outputs of all dynamic ROMs presently in 
production. Tl's dynamic ROMs do not require clock drivers since these have been incorporated on the 
chip. 

4) Typical Applications 

Now that economical ROMs are available, the logic designer is taking advantage of this element. The 
most common areas of applications are found in: 

• DISPLAYS • COMPUTERS 

• COMPUTER TERMINALS • CALCULATORS 
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READ-ONLY MEMORIES 



The most common applications are: 

a) LOOK-UP TABLES - where the output is a mathematical function of the input. In computers 
for military applications, trigonometric functions are commonly used. A ROM can be used to 
obtain the sine of an angle instead of having to compute it by algorithm. 



ROM 



> sin (p 



ROM as Trigonometric Look -Up Table 

Some calculators also employ Look-up tables in performing arithmetic: 



ROM 



ROM as Arithmetic Look-Up Table 

b) CODE CONVERSION - many applications require translating between one code and another. 
This is a common requirement of display manufacturers, computer terminal equipment 
manufacturers, and persons involved with punched card reading and processing. For example, a 
ROM can be designed to accept input words in EBCDIC code and convert to words of USASCII 
code at the output. 



EBCDIC 
CODE 



ROM 



USASCII 
CODE 



d) 



ROM Used for Code Conversion 

MICROPROGRAMMING - where a routine can be programmed directly (hard-wired programs), 
instead of being described (microprogram) on a stack of punched cards and then stored in the 
main memory. This technique is becoming more and more popular in medium-sized computers. 

CHARACTER GENERATOR - where an alphanumeric character is represented by a binary 
word. The characters can be visually represented by use of nixie tubes, a dot matrix, or a segment 
display. An example of a ROM used as a dot-matrix character generator is shown below. 



BINARY 
WORD 



ROM 



AS MANY OUTPUTS AS THERE 
ARE DOTS IN THE MATRIX. 



ROM Used as Character Generator 
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READ-ONLY MEMORIES 



e) RANDOM LOGIC - ROMs can also be utilized to perform Boolean algebra. For example, a 
4096-bit ROM organized as 512 words of 8 bits, has 9 inputs and 8 outputs. The ROM can be 
programmed to provide the outputs (which are Boolean functions of the input variables). The 
user needs only to develop the truth table for the desired logic function. 



9 INPUT VARIABLES 




8 OUTPUT VARIABLES 



ROM USED IN PERFORMING RANDOM LOGIC 

0^ =fl (A, B, C, . . . .) 
02 = f2(A, B, C ) 

To perform sequential logic the outputs would be fed back to the inputs 
5) Tl ROMS 

a) General Purpose Static ROMs 

TMS 2800 JC/NC 1024-bit capacity 

TMS 2600 JC/NC 2048-bit capacity 

TMS 2700 JC/NC 3072-bit capacity 

TMS 4400 JC/NC 4096-bit capacity 

b) General Purpose Dynamic ROM 
TMS 2300 JC/NC 2560-bit capacity 

c) Static character Generators (5X7 dot matrix) 
TMS 2400 JC/NC 64 characters row output 
TMS 41 00 JC/NC 64 characters column output 



256 X 4 organization 

512 X 4 or 256 X 8 organization 

256 X 12 organization 

1024 X 4 or 512 X 8 organization 

256 X 10 organization 
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For each series of devices Tl has programmed at least one off-the-shelf device. This device can be used 
for evaluation by customers. For instance, in the TMS 2400 JC series the TMS 2403 JC is an off-the-shelf 
ASCII row-output character generator and the TMS 2404 JC is an off-the-shelf EBCDIC character 
generator. 
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CUSTOM BIT PAHERNS 



The programming of a single photomask permits the user to choose: 

Organization of the read-only memory 

Programming of the decode section 

Memory content 

Buffer configuration 

Chip-enable polarities 

All other masks used during the processing are fixed and are common to a series of devices. For instance, all 
devices of the TMS 2600 JC series (2048-bit static ROM) use the same masks except for the 
gate-oxide-removal mask, which contains the custom pattern. 

Tl uses computer methods to assure a quick and foolproof implementation of a custom bit pattern. 
This also reduces the cost of the implementation. A "SOFTWARE PACKAGE" bulletin is used to transmit 
the customer inputs to Tl, for each series of devices, these packages are available from the Tl Sales Office. 
The Software Package describes the format in which the inputs should be transmitted for best interface 
with the computer. For character generators the Software Package includes grid on which the customer can 
map the desired outputs. For read-only memories the Software Package describes the format used for 
writing the truth table of the ROM on punched cards. Once the Software Package is received by Tl, it can 
be directly fed into a computer, or punched cards can be prepared from it and the cards can be fed into the 
computer. 

The first computer output is a checkprint. For a read-only memory the checkprint is a reconstitution 
of the truth table. In the case of a character generator, an overlay is produced. The overlay is in the same 
scale as the map included in the Software Package and permits easy verification of the punched cards. The 
checkprint is used for Tl verification and a copy is sent to the customer. 
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MASK FACILITY 
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SLICE PROCESSING 



FUNCTIONAL 
PROBE TEST 



ASSEMBLY 



PACKAGED UNITS 



FINISHED UNITS 



Once the verification has been performed, the computer generates a magnetic tape that will be used to 
drive a plotter, and a testing tape to be used for probe test and at final test. 

The magnetic tape (cutter tape) is used to drive a plotter which cuts a film of rubylith mask. The 
rubylith mask, when pealed, is an enlargement of the gate-oxide-removal mask, which is used to store the 
custom bit pattern. A glass mask is then made from the rubylith by a photographic process (reduction, step 
and repeat). This mask is used in production of the slice. 

A slice contains many individual chips. Each chip is individually tested on a probe tester which uses 
the test tape generated by the computer. 

The chips are packaged and the completed units are final tested (logic and parametric tests). Finished 
units are then delivered to the customer. 
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features g 

2560-bit capacity (256 x 10) > 

Dynamic operation and static storage < 

Maximum access time — 550 ns » 

Maximum cycle time — 550 ns 

Full TTL/DTL compatible without external components 
TTL-level single clock 
Push-pull output buffers 
24- or 28-pin CDIP or plastic package 
Chip enable 

description 

The TMS 2300 JC/NC series is a family of dynamic read-only memories, each having a capacity of 2560 bits. 

Programming the memory contents is accomplished by changing a single mask during device fabrication. The memory 
contents consist of 256 words of 10 bits. 

A chip enable input is available. 

A single clock pulse line is required (TTL level). 

Low-threshold, thick-oxide, MOS P-channel enhancement-mode circuitry has been employed to reduce power dissipa- 
tion and permit easy interface between the TMS 2300 JC/NC and bipolar integrated circuits (no external pull-up resis- 
tors required). 

"TMS 2300 X" designates a unit mounted in a hermetically sealed ceramic dual-in-line package. A unit mounted in a 
dual-in-line plastic package Fs numbered "TMS 2300 NC". 

logic definition 

a) LOGICAL 1 = most positive voltage 

b) LOGICAL = most negative voltage 

operation 

The TMS 2300 JC/NC features dynamic operation; the output data is synchronized by an externally provided clock pulse. 

By means of a dc output storage register, this device also performs a static operation; the output data will remain valid as 
long as a new clock pulse is not provided (even if the input address has changed in the meantime). 

Access time is defined as the time between a change of data on any address input and the change of data on the output 
of the device. 

Cycle time is defined as the period of the clock. The minimum cycle time corresponds to the minimum time interval 
between two address signals. 

— continued 
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TMS 2300 JC. TMS 2300 NC 
2560-BIT DYNAMIC READ-ONLY MEMORY 



operation (continued) 



A logical on the Chip-Enable input will cause the outputs to become open-circuits. The number of words per output 
is increased by hardwiring together the outputs of different devices. The internal operation of the device is not inhibited 
by the state of Chip-Enable; any change of the address inputs results in the selection of a new 10-bit word, which is 
then transferred into the dc output register by the next clock pulse. The data outputs are up-dated as soon as the Chip- 
Enable signal goes back to logical 1. 



functional block diagram and pin breakout 



Aq Ai A2 A3 A4 A5 Ag A7 



'ss 



CLOCK 



iiiir^^ii 
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MEMORY 256 x 10 BITS 



WORD SELECTION 



iiiiiiiii 



DC OUTPUT STORAGE 



CHIP ENABLE 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -20 V to 3 V 

Supplyvoltage Vqg range (See Note 1) " _20 V to 3 V 

Clock input voltage range (See Note 1 ) -20 V to 3 V 

Data input voltage range (See Note 1) -20 V to 3 V 

Operating free-air temperature range — 25°C to -f-85°C 

Storage temperature range -55°C to -i-150°C 

NOTE.I : These voltage values are with respect to Vss (substrate). 
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TMS 2300 JC, TMS 2300 NC 

2560-BIT DYNAMIC READ-ONLY MEMORY 



recommended operating conditions 



PARAMETER 



Operating Voltage 

Substrate supply Vss 
Drain supply Vqo 
Gate supply VgG 



Logic Levels (Data Inputs) 

Input HIGH level (logical 1) V|h 
Input LOW level (logical 0) V|l 



Clock Voltage Levels 

Clock HIGH level (logical 1) V^h 
Clock LOW level (logical 0) V0L 



4.75 

0.0 

-11.0 



3.5 



3.5 



Pulse Timing 

ClOCK 



tf0 



Clock pulse width PW^ 
Minimum clock freauency 



Pulse Spacing 

Data setup (Note 1 ) tps a* 25°C 
Data setup (Note 1 ) tpg at 85°C 



Data Pulse Overlap Clock 

tpoc 



5.0 



-12.0 



0.250 




150 



NOTEI: The clock inp 



ut has to be at logic during the minimum data setup (tps see timing diagram). 



MAX 



5.5 

0.0 

-13.0 



0.6 



0.6 



240 
320 



100 
100 



290 
380 



UNITS 



MS 

MS 

MHz 



Static electrical characteristics (under nominal operating conditions at 25° C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


1 1 L 1 nput Leakage Current 


-15 V applied to input 






1 


mA 


Output Voltage Levels (See Note 2) 












Vol Output LOW level (logic 0) 


1 TTL gate, Cl = 20 pF 






0.45 




Vqh Output HIGH level (logic 1) 


1 TTL gate, Cl = 20 pF 


4.0 






V 


Vql Output LOW level (logic 0) 


MOS load, Cl = 20 pF 






U.^ 


V 


Vqh Output high level (logic 1) 


MOS load, Cl = 20pF 


4.0 








Output Current 












'OSC Short circuit 


Output shorted to ground 






2.8 


mA 


^out Output resistance 
Rout Output resistance 


Chip enable = 1, Vout = l°g'c 
Chip enable = 


1 




300 


Win 


Power Supply Current Drain (See Note 3) 












Igs Substrate supply 






13.0 




mA 


Iqq Drain supply 











mA 


\qq Gate supply 






-13.0 




mA 


Pq Power dissipation 






225 




mW 



* --,= -r-ri if^^rt i= cimiiiatPrt hv a resistor of 3 3 kfJ and 20 pF. An MOS load is simulated by a resis- 
NOTE 2: For the final test purposes, worst-case TTL load is simuiatea oy a resisxur ui o.o ivjj. omu .<.u k 

tor of 20 kn and a capacitance of 20 pF. 

NOTE 3: The current sink by the Vss supply is sourced by the Vqg supply. 
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dynamic electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Cycle Time tg 


Load: 1 TTL gate, 20 pF 




490 


550 


\ 

ns 


Output Logic Delay (See Note 4) 












tpL Output LOW level 


Load: 1 TTL gate, 20 pF 






170 


ns 


tpH Output HIGH level 


Load: 1 TTL gate, 20 pF 






250 


ns 


Access Time (See Note 4) 












tAL Output LOW level 


Load: 1 TTL gate, 20 pF 




400 


500 


ns 


tAH Output HIGH level 


Load: 1 TTL gate, 20 pF 




470 


550 


ns 


Capacitance 












C||\j Input 


Vjn = +5.0V, f = 2MH2 




3 


7 


pF 


C^ Clock 


Vin = +5.0V, f = 2MHz 




5 


8 


pF 


Chip Enable Delay 












^ELD Enable output delay LOW level 


Load = 20 pF to Vqd 






150 


ns 


^EHD Enable output delay HIGH level 


Load = 20 pF to Vqd 






150 


ns 


tDD Disable output delay 


Load = 20 pF to Vqd- 
3.6 kfj to Vss 






240 


ns 



NOTE 4: Output delay and access time are defined for VquT ~ ''"l-^ ^ (see timing diagram) 



timing diagram and voltage waveforms 




— continued 
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timing diagram and voltage waveforms (continued) 

For specific applications the following timing scheme may be used for a Xqq (clock-to-address delay) of at least 150 ns 
and a t^g (data set-up time) of at least 150 ns. 



PARAMETER 



Cycle Time 



Output Logic Delay (See Note 5) 

tpL Output LOW level 

tp(-| Output HIGH level 



TEST CONDITIONS 



Load: 1 TTL gate, 20 pF 



Load: 1 TTL gate, 20 pF 
Load: 1 TTL gate, 20 pF 



NOTE 5: This timing scheme does not affect chip enable timing. 



TYP 



490 



180 
290 



MAX 



550 



250 
240 



UNITS 



VALID 



ADDRESS 



INVALID 



90%. 



H 



tCD 



■90% 



90%' 



^DOC 

-►N ^ 



90% 



10% 



^r0 
tDH 



*-^^^ 



tAL 



tAH 



__ _ _ - V 





10% 



tf0 



+1.5 V 



+3.5 V MIN 



+0.6 V MAX 
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mechanical data and pin configuration 

The device is normally mounted in a 24-pin hermetically sealed ceramic dual-in-line package (TMS 2300 JC) or a 24-pin 
plastic dual-in-line package (TMS 2300 NC), with pin configuration as follows: 



12 



7a 



c 
c 
c 
c 
c 
c 

C TOP VIEW 

c 

C 
C 
C 
C 



24 



PIN NO. FUNCTION 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



vss 
Vgg 

Input Ai 
Input Aq 
Input A2 
Input A7 
Input As 
Input A5 
Input A4 
Clock 
Input A3 
No Connection 



PIN NO. 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 



FUNCTION 
Chip Enable 

Vdd 

Output Bo 
Output Bi 
Output 82 
Output 83 
Output 84 
Outfjut 85 
Output Be 
Output 87 
Output 88 
Output 8g 



13 



Upon special request the device may be mounted in a 28-pin hermetically sealed ceramic dual-in-line package (TMS 2300 
JC) or a 28-pin plastic dual-in-line package (TMS 2300 NC). (See MOS/LSI packaging section.) In this case the pin 
configuration is: 



1 c 


.u 


3 28 


c 




3 


c 




3 


c 




3 


c 




3 


c 




3 


c 




3 




TOP VIEW 


3 

3 


c 




3 


c 




3 


c 




3 


c 




3 


14 C 




3 k 



PIN NO. FUNCTION 



PIN NO. FUNCTION 



1 


No connection 


2 


No connection 


3 


Vss 


4 


Vgg 


5 


Input Ai 


6 


Input Aq 


7 


Input A2 


8 


Input A7 


9 


Input A5 


10 


input A5 


11 


Input A4 


12 


No Connection 


13 


Clock 


14 


Input A3 



15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



The [lackages are designed for insertion in mounting-hole rows on 0.600-inch centers. 



No Connection 
Chip Enable 

Vdd 

Output Bo 
Output Bi 
Output B2 
Output 83 
Output 84 
No Connection 
Output 85 
Output 85 
Output 87 
Output 83 
Output 89 
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interface circuits 
a) TTL interface 

No components are needed for TTL interface 



'SN7400 ' 



o-r- 



ADORESS INPUTS, 
CHIP ENABLE, 
OR CLOCK 




+5V 



vss 



-12 V 

o 



vgg 



Vdd 



T 




DATA OUTPUT 



b) Increase of noise margin 

Noise margin may be increased by use of pull-up resistors to +5 V on the inputs (see schematic on page 7). 

off-the-shelf devices 

The TMS 2301 JC/NC has been programmed by Tl to demonstrate the capabilities of the TMS 2300 JC/NC series. It 
is available off-the-shelf as a sample device. 
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truth table. TMS 2301 JC/NC 



INPUT 
ADDRESS %EbB7%B^EStB3B2Bi^ 






00 0000000 


64 


1 


0000000000 


65 


2 


000000000 


66 


3 


0000000000 


67 


4 


0000000000 


68 


5 


0000000000 


69 


6 


0000000000 


70 


7 


0000000000 


71 


8 


1000000000 


72 


9 


1000000000 


73 


10 


0000000000 


74 


11 


0000000000 


75 


12 


0000000000 


76 


13 


0000000000 


77 


14 


ooooooooco 


78 


15 


0000000000 


79 


16 


1000000000 


80 


17 


lOOQQOOOOO 


81 


18 


1000000000 


82 


19 


1000000000 


83 


20 


0000000000 


84 


21 


0000000000 


85 


22 


0000000000 


86 


23 


0000000000 


87 


24 


1000000000 


88 


25 


1000000000 


89 


26 


1000000000 


90 


27 


1000000000 


91 


28 


1000000000 


92 


29 


1000000000 


93 


30 


0000000000 


94 


31 


0000000000 


95 


32 


1000000000 


96 


33 


1000000000 


97 


34 


1000000000 


98 


35 


1000000000 


99 


36 


1000000000 


100 


37 


1000000000 


101 


38 


1000000000 


102 


39 


1000000000 


103 


40 


1100000000 


104 


41 


1 100000000 


105 


42 


1000000000 


106 


43 


1000000000 


107 


44 


1000000000 


108 


45 


1000000000 


109 


46 


1000000000 


110 


47 


iboooooooo 


111 


48 


1 100000000 


112 


49 


iidooooooo 


113 


50 


1 100000000 


114 


51 


llOOOOOOOO 


115 


52 


1000000000 


116 


53 


1000000000 


117 


54 


1000000000 


118 


55 


1000000000 


119 


56 


1 100000000 


120 


57 


llOOOOOOOO 


121 


58 


llOOOOOOOO 


122 


59 


llOOOOOOOO 


123 


60 


llOOOOOOOO 


124 


61 


llOOOOOOOO 


125 


62 


1000000000 


126 


63 


1000000000 


127 



INPUT 
ADDRESS %%B7%Efe^E^B2BiBo 



1110000000 

iiiodooooo 

1 1 lOOOOOOO 

1110000000 

1110000000 

1110000000 

llOOOOOOOO 

llOOOOOOOO 

11100 0000 

1110000000 

1110000000 

1110000000 

1110000000 

1110000000 

lllQOOQOOO 

1110000000 

1111000000 

1111000000 

1110000000 

1110000000 

1110000000 

1110000000 

1110000000 

1110000000 

1111000000 

1111000000 

1111000000 

1111000000 

1110000000 

1110000000 

1110000000 

1110000000 

1111000000 

1111000000 

1111000000 

1111000000 

1111000000 

1111000000 

1110000000 

1110000000 

1111000000 

1111000000 

1111000000 

1111000000 

1111000000 

llllOOOOOO 

1111000000 

llllOOOOOO 

1111100000 

1111100000 

llllOOOOOO 

llllOOOOOO 

llllOOOOOO 

llllOOOOOO 

llllOOOOOO 

llllOOOOOO 

1111100000 

1111100000 

1111100000 

1111100000 

llllOOOOOO 

llllOOOOOO 

llllOOOOOO 

llllOOOOOO 



INPUT INPUT 

ADDRESS B9B6B7%B6^B3B2Bi^ ADDRESS ^PBBT^^etBjBgBi^ 



128 


1111110000 


192 


1111111110 


129 


1111110000 


193 


1111111110 


130 


1111110000 


194 


11111111 0.0 


131 


1111110000 


195 


1111111100 


132 


1111100000 


196 


1111111100 


133 


1111100000 


197 


1111111100 


134 


1111100000 


198 


1111111100 


135 


1111100000 


199 


1111111100 


136 


liiiiioooo 


200 


1111111110 






201 
202 


1111111110 


138 


1111110000 


1111111110 


139 


1111110000 


203 


1111111110 


140 


lIllllOOOO 


204 


1111111100 


141 


1111110000 


205 


1111111100 


142 


1111100000 


206 


1111111100 


143 


1111100000 


207 


llllliiiOO 


144 


1111110000 


208 


1111111110 


145 


1111110000 
1111110000 


209 
210 


1111111110 
1111111110 


146 




147 


1111110000 


211 


1111111110 


148 


1111110000 


212 


1111111110 


149 


1111110000 


213 


1111111110 


150 


1111110000 


214 


1111111100 


151 


1111110000 


215 


1111111100 


152 


1111111000 


216 


111111110 


153 


1111111000 


217 


1111111110 


154 


1111110000 


218 


1111111110 


155 


1111110000 


219 


1111111110 


156 


1111110000 


220 


1111111110 


157 


1111110000 


221 


1111111110 


158 


1111110000 


222 


1111111110 


159 


1111110000 


223 


1111111110 


160 


1111111000 


224 


1111111111 


161 


1111111000 


225 


1111111111 


162 


1111111000 


226 


1111111110 


163 


1111111000 


227 


1111111110 


164 


1111110000 


228 


1111111110 


165 


1111110000 


229 


1111111110 


166 


1111110000 


230 


1111111110 


167 


1111110000 


231 


1111111110 


168 


1111111000 


232 


1111111111 


169 


1111111000 


233 


1111111111 


170 


1111111000 


234 


1111111111 


171 


1111111000 


235 


1111111111 


172 


1111111000 


236 


1111111110 


173 


1111111000 


237 


1111111110 


174 


1111110000 


238 


1111111110 


175 


1111110000 


239 


1111111110 


176 


1111111000 


240 


1111111111 


177 


1111111000 


241 


1111111111 


178 


1111111000 


242 


1111111111 


179 


1111111000 


243 


1111111111 


180 


1111111000 


244 


1111111111 


181 


1111111000 


245 


1111111111 


182 


1111111000 


246 


1111111110 


183 


1111111000 


247 


1111111110 


184 


1111111100 


248 


1111111111 


185 


1111111100 


249 


1111111111 


186 


1111111000 


250 


1111111111 


187 


1111111000 


251 


1111111111 


188 


1111111000 


252 


1111111111 


189 


1111111000 


253 


1111111111 


190 


1111111000 


254 


1111111111 


191 


1111111000 


255 


1111111111 
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data encoding — software format 

Programming information for the TMS 2300 JC/NC should be transmitted to Tl in the form of a DECK OF 64 STAN- 
DARD 80-COLUIVIN COMPUTER CARDS, accompanied by a listing of these cards. This method eliminates many 
chances for error and guarantees the fastest delivery schedule of ROMs. Upon receipt of each deck, a computer run will 
be made and a copy of the computer-generated truth table sent back to the customer. This copy should be checked 
carefully. If any errors are discovered, Tl must be notified immediately so that work can be stopped and the necessary 
adjustments made. 

Each card in the data deck describes the outputs for four Input addresses. All addresses must have their outputs defined. 
The addresses must also be placed in consecutive order. Cards should be punched according to the following format. 

Column IMos . 

1-2 Punch the sequential card starting with 01 and ending with 64 (12). 

3-5 Blank 

6-1 1 Punch either TM or ZA followed by a four digit number as supplied by MOS Marketing (Tl part 

number. 

12-15 Blank 

16-18 Punch the address associated with the first output word described on the card (13). 

19 Punch a - (minus). 

20-22 Punch the address associated with the last output word described on the card (13). 

NOTE: Address locations are the numbers 000 through 255 and are derived from the binary-to- 
decimal conversion of the input address A7, Ag, A5, A4, A3, A2, Ai , Aq. Aq is consi- 
dered the least-significant binary bit. 

23-25 Blank 

26—35 Punch the data associated with the outputs of the first memory location described on the card 

(1011). 

36-37 Blank 

38—47 Punch the data associated with the outputs of the second memory location described on the 

card (TOM). 

48-49 Blank 

50-59 Punch the data associated with the outputs of the third memory location described on the 

card (1011). 

60-61 Blank 

62-71 Punch the data associated with the outputs of the fourth memory location described on the 

card (1011). 

NOTE: Outputs are defined in groups of ten. The order is Bg, B3, B7, Bg, B5, B4, 83, B2, B-j, 
B, 



0- 

72-76 Blank 

77-80 Punch 2300 



NOTE: For both inputs and outputs logic levels are punched in the form of Is and Os. Positive 
logic is assumed throughout. A logic 1 is the most positive voltage level and a logic is 
the most negative voltage level. 
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TMS 2300 JC/NC - first, second and last cards 



A 



S *— cvi 



S — csi 
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>L 
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-cl- 


Lf> 


U3 


^a- 


Lr» 


CO 


^«- 


tn 


CO 


^f 


Ln 


CO 


^a- 


u^ 


CO 


^r 


ir> 


CO 


^' 


tn 


CO 


wa- 


irj 


CO 


•* 


lO 


CO 


^a- 


ir» 


CO 


^^ 


m 


CO 


v^- 


in 


CO 


*(r 


m 


CO 


^T 


m 


CO 


^a- 


ITJ 


CO 


'XT 


ir> 


CO 


*a- 


m 


^ 


'i*- 


wm 
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m 


CO 


^ 


in 


CO 


^r 
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m 


CO 
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TMS 2400 JC, TMS 2400 NC 
ROW OUTPUT CHARACTER GENERATOR 



featu 



es 



Static operation 

2240-bit capacity 

64 characters of 35 bits (5x7) 

7- Input character decoder 

3-lnput row decode 



800-ns character access time 

Chip enable 

Open-drain or double-ended buffers 

TTL compatible 

Dual-in-line package 



description 



The TMS 2400 JC/NC series is a family of read-only-memory subsystem components manufactured using MOS P-channel 
enhancement-mode technology. All components in the series contain a 7-bit parallel-inputcharacter-address decoder 
and a 3-bit parallel-input row-address decoder, both complete with input inverters. Either open-drain or double-ended 
output buffers are provided for flexibility in external interfaces. The memory organization and data are permanently 
stored by programming a single mask during manufacture. 

The memory is organized to function primarily as a row-output character generator. The five outputs represent a row 
in a 5 X 7 dot matrix. 

"TMS 2400 JC" designates a unit mounted in a 28-pin hermetically sealed ceramic dual-in-line package, and "TMS 2400 
NC" is used for a unit mounted in a 28-pin plastic package. 



functional diagram 



15 



I- «o- 

3 W, 



tt 3 I so- 

•^ !ii - -'fv 



— 



|0— 
o — 



DECODE 



MEMORY MATRIX 



rxT 



BUFFER 



'SS 



'DD 



'GG 



CHIP 
ENABLE 



°^ °2 °3 °4 05 




operation 



The TMS 2400 JC/NC series features static operation. No clocks are required. The output data will remain valid as long 
as the input address (including chip enable) remains unchanged. 

"Access time" is defined as the time required for all outputs to reach the minimum 1 level or maximum level with the 
correct data. This time is measured from the point at which all address inputs and chip enable inputs are valid. 
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character scanning 

The output character appears as a 7-word sequence on each of the five output lines. The sequence is controlled by the 
3 row-select lines. The five outputs represent a row in a 5 x 7 character matrix. The row address can remain fixed while 
the character address changes (raster scan), or the character address may remain fixed while the row address changes 
(vertical or character scan). 

row select truth table 



ROW SELECT (NEGATIVE LOGIC) 


SELECTS ROW 


Rs3 


Rs2 


Rsi 











None 








1 


R 1 





1 





R 2 





1 


1 


H3 


1 








R4 


1 





1 


R5 


1 
1 


1 
1 




1 


R6 
R 7 



output buffers 

The output buffers of the TMS 2400 JC/NC may be programmed to be either single-ended (open drain) to drive TTL/ 
DTL logic, or double-ended to drive MOS logic. 

The number of characters is increased by hardwiring together the outputs of different chips. Note that when using the 
hardwired output technique, all the chips that are hardwired together at the output should be single-ended chips. 



chip enable 

The chip enable may be programmed to be either a 1 or a 0. 

The decoder will accept a 7-bit parallel input. Because only 6 bits are required in order to give out the 64 input words, 
the seventh bit may be used as an extra chip enable in single-ended operations. 

A disable input on the chip enable input will cause the outputs to become open circuits on the "single-ended" (open- 
drain) type output buffer and will cause the outputs to go to Vdq o" the double-ended (push-pull) type output buffer. 

logic definition 

Negative logic is assumed on the inputs. 

a) Logic 1 = most negative voltage 

b) Logic = most positive voltage 

An output blank is defined as the logic 1 output level, while an output dot is defined as the iogic output level. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -30 V to 0.3 V 

Supply voltage Vqg range (See Note 1 ) -30 V to 0.3 V 

Data input voltage ranges (See Note 1) . — 30 V to 0.5 V 

Operating free-air temperature range — 25°C to 85°C 

Storage temperature range — 55°Cto150°C 



recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage Vqq 


-11 


-14 


-16 


V 


Supply voltage Vqq 


-22 


-28 


-29 


V 


Input, row select and enable, logic 1 


-9 


-14 


-16 


V 


Input, row select and enable, logic 


+0.3 





-3 


V 



Maximum speed of operation will be obtained when operating at the nominal values. The design of the unit permits a 
broad range of operation that allows the user to take advantage of readily available power supplies (e.g., -i-12 V, 0, —12 V). 

electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER (See Note 1) 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


'out(l) Output blank current (open drain) 


-14 V applied to output 






10 


mA 


'out(O) Output dot current (open drain) 


-14 V applied to output 


3 


5 




mA 


'out(O) Output dot current (open drain) 


Vdd = -12V, Vqq = -24 V, 
-12 V applied to output 


2 


3 




mA 


^out(O) Output dot voltage (open drain) 


Iq = 0.5 mA 




-0.7 


-2 


V 


^out(O) Output dot voltage (open drain) 


Iq = 1 mA 




-1.4 


-2.5 


V 


^out(O) Output dot voltage (open drain) 


l0= 1.5 mA 




-2.0 


-4 


V 


Vout(O) Output dot voltage (open drain) 


Iq = 2 mA 




-3 


-5 


V 


^outd) Output blank voltage (push-pull) 


Rl= 1 mn 


-10 






V 


Vout(O) Output dot voltage (push-pull) 


Rl = 1 mn 






-2 


V 


Power dissipation (Note 2) 






450 




mW 


1 nput leakage 


—14 V applied to input 






1 


mA 


'DD Drain current 






20 


30 


mA 


Iqq Gate current 






5 


8.5 


mA 


Input capacitance 








10 


pF 



NOTES: 1. All voltages are measured with respect to Vss- 
2. Open-drain buffer, all outputs blank. 



switching characteristics, under nominal operating conditions and at 25°C unless otherwise noted (refer to 
switching diagram) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Character access time (open drain) TTL load 






550 


900 


ns 


Character access time (open drain) TTL load 


Vss = +12V, Vdd = OV, 
Vqq = -12 V 




650 


1200 


ns 


Row access time (open drain) TTL load 






450 


750 


ns 


Row access time (open drain) TTL load 


Vss = +12V, Vdd = OV, 
Vqq = -12 V 




500 


900 


ns 


Chip enable access time (open drain) TTL load 






100 


250 


ns 


Chip enable access time (open drain) TTL load 


Vss = +12V, Vdd = -OV, 
Vqq = -12 V 




125 


300 


ns 
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mechanical data 

This device is available in both a 28-pin hermetically sealed ceramic dual-in-line package (TMS 2400 JC) and a 28-pin 
plastic package (TMS 2400 NC). These packages are designed for insertion in mounting-hole rows on 0.600-inch 
centers. (See MOS/LSI packaging section.) 



pin configuration 



28 15 

nnnnnnnnnnnnnn 




uuuuuuuuuuuuuu 

1 14 



PIN NO. FUNCTION 



PIN NO. FUNCTION 



1 


No connection 


15 


vss 


2 


RSi 


16 


No connection 


3 


RS2 


17 


vdd 


4 


RS3 


18 


No connection 


5 


No connection 


19 


h 


6 


Ol 


20 


l2 


7 


02 


21 


'3 


8 


03 


22 


l4 


9 


04 


23 


l5 


10 


05 


24 


l7 


11 


No connection 


25 


No connection 


12 


Enable 


26 


vgg 


13 


No connection 


27 


No connection 


14 


No connection 


28 


16 



switching circuit and timing diagram (open-drain buffer, TTL load) 



CHIP ENABLE o- 

ADDRESS O- 

ROW SELECT o- 



2.7 kn VouT 



TMS 2400 JC/NC 



TTF 

Vss Vdd Vqg 



S{J2^00 



9.1 kn 



A. ADDRESS, ROW SELECT, OR ENABLE INPUT 

Vss 



/ 



B. TTL OUTPUT VOLTAGE 



VquT 




VSS-9V 




VSS-3V 



+2.0 V 



+0.8 V 
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interfacing TMS 2400 JC/NC in a TTL system 



3-ROW SELECT j 
LINES 1 



CHIP ENABLE 



7 INPUT ADDRESS 
LINES 



SN7426 



TMS 2400 JC/NC 



Vss Vdd Vqg 



6 
+14 V 



6 
-14 V 



5 OUTPUT LINES 



2.7 kn 

-AAAr- 




SN7400 



* SELECT VALUE OF R FOR SYSTEM SPEED AND POWER REQUIREMENTS. 



custom circuits 

The TMS 2400 JC/NC series is programmed during the gate oxide removal stage of manufacturing. Only one mask per 
unique design need be created and all other processing steps remain the same for all devices. Options available to the 
customer during programming are: 

• Character Format 

• Enable Logic Polarity 

• Single- or Double-ended Outputs 

The TMS 2400 JC/NC series may also be used in microprogramming applications wherever a 448-word x 5-bit ROM 
may. be useful. 

Encoding of the gate mask is done by computer to provide a fast, error-free encoding process. 

Standard encoding sheets (Software Package) are used. These encoding sheets are available from the Tl sales offices. 

Standard circuits 

Because certain codes are widely used, Tl has created a series of standard devices that are available off-the-shelf and 
for which there is no coding charge. The most widely used standard device is: TMS 2403 JC/NC USASCIICODE 
(See attached character format). 
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standard circuits (continued) 

Organization: 64-Character Storage 

35-Bit Character Matrix 
Chip Enable = 1 
Open-Drain outputs 

Other Available Standard Circuits: 

TMS 2404 JC/NC - EBCDIC Character Generator (See attached character format) 

64-Character Storage 

35-bit Character iviatrix 

Chip Enable = 1 

Open-Drain outputs 
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MOS TMS 25D0 JC, TMS 2500 NC 

LSI 2560-BIT STATIC READ-ONLY MEMORY 



features > 

• Full TTL compatibility ^ 

• Two organizations available < 

— 512 words of 5 bits; 64 characters of 40 bits (5x8) £ 

- 256 words of 10 bits; 32 characters of 80 bits (8 x 10) ^ 

• Static operation 

• 6-input character decoder 

• 3-input column or row-select decoder 

• Typical access time — 350 ns 

• Two programmable chip select inputs 

• Push-pull output buffers 

• Low threshold technology 

• 24-pin CDIP or 24-pin plastic package 

description 

The TMS 2500 JC/NC series is a family of static character generators. Each of these devices has 2560-bit capacity. 

Programming the memory content, chip organization and chip select is accomplished by changing a single mask during 
device fabrication. 

In character generator applications, the 6-input decoder is employed for character address and the 3-input decoder is 
used for column/row select. In ROM applications all 9 inputs are used as a single decoder. 

The output buffer is capable of driving one 74 series TTL gate or eight 74L series gates — with no external components. 

"TMS 2500 JC" designates a unit mounted in a 24-pin hermetically sealed ceramic dual-in-line package, and "TMS 
2500 NC" is used for a unit mounted in a 24-pin plastic package. 

logic definition 

a) LOGICAL 1 = most positive voltage 

b) LOGICAL = most negative voltage 

operation 

Featuring static operation, the TMS 2500 JC/NC requires no clocks. The output data remains valid as long as the input 
address {including chip select) remains unchanged. Access time is defined as the duration from the time the data on 
all logic inputs and chip select lines is valid to the time the output of a TTL gate is valid. (See switching circuit.) 

In the 512x5 configuration there are two chip-select lines. The user chooses which logic input combination in these 
two lines enables the chip. For any other logic combination on these chip-select lines, the chip will be disabled (float- 
ing outputs) . 

In the 256 x 5 configuration the input Ig may be used as a third chip select. 

Any or all of the chip select inputs may be programmed as Don't Care. 

The number of characters available is increased by hardwiring together the outputs of different devices. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -25 V to 0.3 V 

Supply voltage Vgg range (Note 1) -25 V to 0L3 V 

Clock input voltage range (Note 1 ) -25 V to 0.3 V 

Data input voltage range (Note 1 ) -25 V to 0.3 V 

Operating free-air temperature range —25 C to 70 C 

Storage temperature range —55 C to 150 C 

NOTE 1 : These voltage values are with respect to Vss (substrate). 



functional block diagram 



U o- 
'5 o- 
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DECODE 
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CHARACTER MATRIX 



COLUMN (OR ROW) SELECT DECODE 




OUTPUT BUFFERS 



6 6 6 6 
10 OUTPUTS 



I 



recommended operating conditions 



PARAMETER 



Operating Voltage 

Substrate supply Vss 
Drain supply Vqd 
Gate supply Vqq 



Logic Levels (See Note 1) 

Input level logic 
Input level logic 1 



+4.75 



-10 



+5.00 
0.00 
-12 



5.25 



1: These input levels are given for Vgs = 5.0 V. If Vss is other than 5.0 V the input levels must track Vss- 



1.0 



UNITS 
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static electrical characteristics (under nominal operating conditions at 25° C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage Levels (Notes 2 and 3) 
Output logic level Vql 
Output logic 1 level Vqh 


Load is one series 74 TTL gate 


3.0 


0.4 
4.5 


0.8 


V 
V 


Output Current 

Output logic 
Output logic 1, case 1 
Output logic 1 , case 2 


Output voltage of 0.5 
Output voltage of 3.0 
Output voltage of 4.5 


-2 

+ 1 
+0.3 




-3 
+ 1.3 
+0.4 


mA 
mA 
mA 


Power Supply Current Drain 

Substrate supply Iss 
Drain supply \qq 
Gate supply Iqq 
Power Dissipation 


Under static conditions. 
All outputs at logic 0. 
Under static conditions. 
All outputs at logic 0. 


10 

20 

10 

180 


12 

24 

12 

220 


15 

30 

15 

270 


mA 
mA 
mA 
mW 



NOTES: 2. For Vss. other than nominal output levels track Vss. 

3. For final test purposes, a worst-case TTL load is simulated by a load of 2.S kfi and a capacitance of 20 pF. All loads are connected 
between output and Vss- 

dynamic electrical characteristics (over -25° C to +70° C temperature range) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Access Time 

Output logic level tg 
Output logic 1 level t-] 


Load is one series 74 TTL gate 
Cl = 20 pF 


150 
150 


350 
350 


550 
550 


ns 
ns 


Input Capacitance C|m 


f = 100 kHz 






5 


pF 



timing diagram and voltage waveforms 
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TTL interface and switching circuit 

No components are needed for TTL interface. 



( 1 

, SN7400 I 




ADDRESS INPUTS, 

CHIP ENABLE, 

no nt rtnt€ 



i7?" 



+5V 



-12 V 



'SS 



'GG 



TMS 2500 JC/NC 



Vdd 



X 



DATA OUTPUT 




The load capacitance is used in the switching circuit to simulate parasitic capacitance loading in actual use. 

mechanical data 

This device is available in both a 24-pin hermetically sealed ceramic dual-in-line package (TMS 2500 JC) and a 24-pin 
plastic package (TMS 2500 NC). These packages are designed for insertion in mounting-hole rows on 0.600-inch centers. 
(See MOS/LSI packaging section.) 

pin configuration 



1 c 
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3 13 


PIN NO. 


FUNCTION 


E 
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vgg 


C 




D 


2 


Ol 


C 




3 


3 


02 


r 


TOP 


3 


4 


03 


c 


VIEW 


3 


5 
6 


04 
05 


lJ 




3 


7 


06 


i: 




3 


8 


07 


c 




3 


9 


08 


r 




3 


10 


09 


c 




3 


11 
12 


OlO 

Vdd 


12 L 




3 24 







For organization of 512 x 5, outputs are hardwired together as follows: 



Oi and 02 
O3 and O4 
O5 and O5 



O7 and 08 
O9 and O10 



M NO. 


FUNCTION 


13 


CS1 


14 


CS2 


15 


I9 


16 


l8 


17 


I7 


18 


■6 


19 


I5 


20 


I4 


21 


I3 


22 


l2 


23 


I1 


24 


vss 
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MOS TMS 2600 JC, TMS 2600 NC 

LSI 2048-BIT STATIC READ-ONLY MEMORY 



features | 

2048-bit capacity a 

< 
Static operation '-. 

Maximum access time under 1 microsecond -• 

Two organizations available 

Open-drain output buffers or double-ended buffers 

TTL compatible 

24-pin dual-in-line package 

description 

The TMS 2600 JC/NC series is a family of static read-only memories,each with capacity of 2048 bits. 

Programming the memory content and output buffer configuration is accomplished by changing a single mask during 
device fabrication. 

Inputs are available for enabling the cWp and for selecting between a memory organization of 512 words of four bits or 
256 words of eight bits. 

Two types of output buffers are available: 

• Single-Ended (open drain) 

Designed for driving TTL, this output has one MOS device with its drain at the output and Its source at 
chip ground (substrate). 

• Double-Ended 

Designed for driving the inputs to other MOS Integrated circuits and devices, this version has its own MOS 
load resistor provided internally. It requires no additional external circuitry. 

"TMS 2600 JC" designates a unit mounted in a 24-pln hermetically sealed ceramic dual-In-line package, and "TMS 
2600 NC" is used for a unit mounted in a 24-pln plastic package. 

logic definition 

Negative logic Is assumed. 

a) Logical 1 = most negative voltage 

b) Logical = most positive voltage 

operation 

The TMS 2600 JC/NC series features static operation. No clocks are required. The output data will remain valid as 
long as the input address (including chip select) remains unchanged. The Vqg supply may be clocked to reduce power 
consumption without affecting access times. Access time Is defined as the time between a change of data on any logic 
input or chip select line and a change of data on the output of a TTL gate. (See switching circuit). 
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operation (continued) 

A logical on the chip select input will cause the outputs to become open circuits on the "single-ended" (open-drain) 
type output buffer and will cause the outputs to go to Vdd o" the double-ended (push-pull) type output buffer. 

The number of words per output is increased by hardwiring together the outputs of different devices. Note that, when 
using the hardwired output technique, all devices should have single-ended buffers. Hardwiring outputs performs the 
AND function in negative logic. 

organizational control logic 



255 words of 8 bits (MC = Logical 0): 
512 words of 4 bits (MC = Logical 1): 



Mg = uogicai i 

Ag = Logical 
Ag = Logical 1 



OUTPUTS 


Bl B3 B5 By 


B2 B4 Be B8 


Enabled 


Enabled 


Enabled 


Logical 1 


Logical 1 


Enabled 



To use the device as a 512 words of 4 bits, connect Bi to B2, B3 to B4, B5 to Bq, B7 to Bs- 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -30 V to 0.3 V 

Supply voltage Vgg range (See Note 1) -30 V to 0.3 V 

Data input voltage ranges (See Note 1 ) -30 V to 0,3 V 

Operating free-air temperature range . — 25°C to 85°C 

Storage temperature range . — 55°Cto150°C 

NOTE 1 : These voltage values are with respect to Vss (substrate). 

recommended operating conditions 



CHARACTER ISTrCS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage Vdd 


-9 


-12 


-16 


V 


Supply voltage Vqq 


-18 


-24 


-29 


V 


Input, chip select logic 1 


-8 


-12 


-16 


V 


Input, chip select logic 


-1-0.3 





-3 


V 


Input pulse width 


650 






ns 



The design of the unit permits a broad range of operation that allows the user to take advantage of readily available 
power supplies (e.g., +12 V, 0,-12 V). Larger power supplies (e.g., -1-14 V, —14 V) may be used. 
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electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


'out(O) Logical output current (Note 1) 


-12 V applied 


3 


7 




mA 


•outd) Logical 1 output current (Note 1) 


-12 V applied 






10 


mA 


Zoutd) Logical 1 output innpedance (Note 2) 


V applied = Vqd + 3 




18 


25 


kn 


Zout(0! Logical output impedance (Note 4) 


V applied = Vss -3 




O.B 


1.1 


kO. 


Vout(l) Logical 1 output voltage (Note 2) 


Rl = 1 mCl 


-9 




-12 

1 


V 


Vout(O) Logical 6 output voltage (Note 2) 


Rl = 1 mf2 







-2.0 


V 


tA') Access time (Notes 1 and 3) 


See switching circuit 




600 


10(30 


ns 


t/^2 Access time (Notes 1 and 3) 


See switching circuit 




550 


10(30 


ns 


Pjj Power dissipation (Note 2) 


All outputs at Logical 




180 




mW 


1 L 1 nput leakage current 


-12 V applied to input 






1 


mA 


Cjn Input capacitance 


Vin = OV, f=1IVlHz 




5 




PF 


Iqq Drain current (Note 2) 


All outputs = Logical 




15 




mA 


Iqq Gate current 






1.0 




mA 



NOTES: 1. Open drain buffer 

2. Push-pull buffer 

3. See Switching Diagram 

4. Either open-drain or push-pull configuration 

mechanical data and pin configuration 

This device is available in both a 24-pin hermetically sealed ceramic dual-in-line package (TMS 2600 JC) and a 24-pin 
plastic package (TMS 2600 NC). These packages are designed for insertion in mounting-hole rows on 0.600-inch 
centers. 



1 c 


. u 


3 24 


c 




1 


c 




b 


c 




3 


c: 




J 




TOP 
VIEW 


3 
3 
3 


c 




3 


d 




3 


c 




3 


12 C 




3 13 



PIN NO. FUNCTION 



PIN NO. FUNCTION 



1 


A3 


2 


A2 


3 


Al 


4 


Bl 


5 


B2 


6 


B3 


7 


B4 


8 


B5 


9 


Be 


10 


B? 


11 


B8 


12 


vs 



13 


Ag 


14 


CS 


15 


MC 


16 


vgg 


17 


As 


18 


A? 


19 


A6 


20 


A5 


21 


A4 


22 


NC 


23 


NC 


24 


Vdd 



A - input 

B - output 

MC - mode control 

CS - chip select 



Vdd ~ drain power supply 
Vgg ~ ground power supply 
Vss ~ substrate 
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switching circuit and TTL interface 



+12 V 



SN7426 



O- 
O 




71 



INPUTS OR j 

CHIP SELECT I 



'SS ^GG 



TMS 2600 JC 



'DO 



X 



-12 V 
O 



2.2 kn 

-VNAr- 



6.8 kn 



SN7400 



•— ♦ 




#-o 8 



10 pF* 



;l5pF« 



Value of R depends on system speed and power requirements. 

The output capacitances are not part of the TTL interface. They ard used in the switching circuits to simulate parasitic capacitance 
loading in actual use (board, interconnect, etc.). 



switching diagram 



+12 V i_ 
INPUT OR CHIP SELECT i 



TTL OUTPUT 



ov / 




tAI 



+3V 



-- +1.5 V 



-jL+1.5V 
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off the shelf devices 

These devices have been programmed by Tl and are available off the shelf: 

1 ) TMS 2601 JC/NC 

This device has been programmed to demonstrate the capabilities of the TMS 2600 JC/NC series. It is used 
as a sample device. The buffers are single ended. 

2) TMS 2602 JC/NC Code Converter 

This device converts the USASCIl code into the selectric line code and vice versa. 

3) TMS 2603 JC/NC Code Converter 

This device converts the full EBCDIC code into the USASCI I code. 

Truth tables for the TMS 2602 JC/NC and 2603 JC/NC are available upon request. 

TRUTH TABLE, TMS 2601 JC/NC 



INPUT 






INPUT 










INPUT 










INPUT 




ADDRESS O8O7CI6O5O4O3O2O1 


ADDRESS 0807050504030201 


ADDRESS 08070^0504030201 


ADDRESS 


O8O7Q6O5O4O3O2O1 


Q 




1 


64 




1 








128 




1 


u 





192 


1 10 


1 




1 


6b 




1 








129 




1 








193 


110 


^ 




1 


66 




1 








130 




1 








194 


110 


J 




1 


67 




1 


u 





131 




1 





U 


19b 


1 1 u 


4 




1 


68 




1 








132 




1 


u 





196 


110 


b 




1 


69 




1 








133 




1 








197 


1 1 


7 




1 

1 


70 
71 




1 










134 
135 




1 
1 









198 
199 


11000000 

1 1 


a 







Id 













136 













200 


10 


9 







73 













137 













201 


10 


10 
11 




1 
1 


74 
7b 




1 

1 




u 







138 
139 




1 
1 






U 



202 
203 


11000600 

110 


id 




1 


76 




1 








140 




1 


u 


u 


204 


110 


IJ 




1 


77 




1 








141 




1 








205 


110 


1". 




1 


7a 




1 








142 




1 








206 


110 


lb 




1 


79 




1 








143 




1 








20 7 


11000000 


16 
1 ' 








80 
81 
















144 
14b 

















208 
209 


10 
10 


IB 







82 













146 













210 


1 


ly 







83 













147 













211 


10 


^u 




1 


84 




1 








148 




1 








212 


11000000 


di 




1 


85 




1 








149 




1 








213 


1 1 u 


di. 




1 


B6 




1 








150 




1 








214 


110 


<?J 




1 


87 




1 








151 




1 








215 


1 10 


d'i 







88 













152 




u 








216 


10 


^S 







89 













153 




u 


u 





217 


10 


db 







90 













154 













218 


10 


dl 







91 













155 













219 


10 


dA 







9? 













lb6 













220 


10 


dH 







93 













157 













221 


10 


iu 




1 


94 




1 








isa 




I 








222 


110 


31 




1 


95 




1 








159 




1 








223 


11000000 


id 







96 













160 













224 


10 


JJ 




u 


97 













161 













225 


10 


J* 







98 













162 













226 


10 


36 




u 


99 













163 













227 


10 


36 







100 













164 













228 


lOUOOOOO 


3/ 







lOl 













165 













229 


1 U 


3a 







102 










u 


166 










u 


230 


lOOOOOOU 


' 3S 







103 













167 













231 


10 


40 







104 













168 













232 


oooooobo 


41 







105 













169 




u 








233 


00000000 


4<e 







106 













170 













234 


10 


43 







107 













171 




u 








235 


lOUOOOOO 






u 


108 













172 













236 


10000000 


4b 







109 













173 













237 


10 


46 







llO 













174 













238 


10 


h't 







1 11 













175 













239 


10 


40 


1111110 





112 


11110 











176 


1 1 











240 


00000000 


4-^ 


1 1 1 1 1 1 





113 


11110 











177 


1 1 











241 


00000000 


bO 


1111110 





114 


11110 











178 


1 1 











242 


00000000 


bl 


1111110 





115 


11110 











179 


1 1 











243 


00000000 


b<; 


1111111 





II6 


11111 











180 


1 1 1 





u 





244 


1 U 


b3 


1111111 





117 


11111 











181 


1 1 1 


u 








245 


lOOOOOOU 


54 


1111111 





118 


11111 











182 


1 1 1 


u 








246 


lOOOOOOU 


Sb 


1111111 


c 


119 


11111 





u 





183 


1 1 1 


u 








247 


lOOOOOOU 


b6 


1111110 





l20 


11110 











184 


1 1 








000 


24a 


00000000 


S7 


1111110 





l21 


11110 











185 


1 1 


u 


u 





249 


OOOOOOOU 


SB 


1111110 





122 


11110 











186 


1 1 


u 








250 


oouoooou 


5'J 


1111110 





l23 


11110 











187 


1 1 





u 





2S1 


00000000 


60 


1111110 





l24 


11110 











188 


1 1 











252 


oouoooou 


61 


1111110 





l25 


11110 











189 


1 1 











253 


00000000 


bd 


1111111 





l26 


11111 











190 


1 1 1 











254 


luouooou 


63 


1111111 





l27 


11111 











191 


1 1 1 





^ 





255 


1 U u u 
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SOFTWARE PACKAGE 

input format 

Programming information for the TMS 2600 JC/NC should be transmitted to Ti in the form of a DECK of 43 STANDARD 
80-COLUMN COMPUTER CARDS, accompanied by a listing of these cards. This method eliminates many chances for 
error and guarantees the fastest delivery schedule of ROMs. Upon receipt of each deck, a computer run will be made and 
a copy of the computer-generated truth table sent back to the customer. This copy should be checked carefully. If any 
errors are discovered, TI should be notified immediately so that work can be stopped and the necessary adjustments 
made. 

Information on the various circuit options desired will be transmitted on a special form supplied by TI. 

The main memory array can be so programmed that for any binary input of As through A-) (0 to 255), the outputs Bs 
through Bi are uniquely determined. Since Ag and MC are used to select output paths, the internal storage of data in 
the array is the same regardless of organization — 256 x 8 or 512 x 4. 

Each card in the data deck describes the outputs for six or twelve input addresses, depending on whether eight or four 
outputs are desired. All addresses must have their outputs defined. The addresses must also be placed in consecutive 
order. Cards should be punched according to the following format. 

data card format 

Column 

1-2 Punch the sequential card number (01 through 43) 

3 Blank 

4-5 Punch a "26" to signify TMS 2600 JC 

6-1 1 Punch the Z identification number supplied by TI MOS Marketing (2 letters, 4 numbers) 

12 Blank (a space for the revision letter if necessary) 

13 Punch a "8" if using the 256 x 8 configuration, or punch a "4" if using the 512 x 4 configuration 

14 Punch a "D" for open-drain type output buffers, or punch a "P" for push-pull type output buffers 

15-17 Punch a right-justified integer representing the binary input address (0-255 if 8 outputs, 0-51 1 if only 4 out- 
puts) for the first set of outputs described on the card 

18 Punch a "— " (minus sign) 

19-21 Punch a right-justified integer representing the binary input address for the last set of outputs described on 
the card 

22 Blank 

23-80 Punch a description of the output sets selected for the range of input addresses specified on the card. A 
"^" for a logical 1 and a "0" for a logical 

For a 256 x 8 configuration each card will describe 6 output sets. The 43rd card will contain only 4 output sets. 

23-30 Punch the outputs desired for Bq, By, Bq. B5, B4, B3, B2, and Bi, in that order, for the first address 
specified on the card 

33-40 Punch the outputs desired for the second address 

43-50 Punch the outputs desired for the third address 
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data card format (continued) 

Column 

53-60 Punch the outputs desired for the fourth address 
63-70 Punch the outputs desired for the fifth address 
73-80 Punch the outputs desired for the sixth address 

For a 512 x 4 configuration, each card will describe 12 output sets. The 43rd card will contain only 8 output sets. 

23-26 Punch the outputs desired for Bg or By, Bq or B5, B4 or B3, B2 or Bi , in that order, for the first address 
specified oh the card. 

27-30 Punch the outputs desired for the second address 

33-36 Punch the outputs desired for the third address 

37-40 Punch the outputs desired for the fourth address 

43-46 Punch the outputs desired for the fifth address 

47-50 Punch the outputs desired for the sixth address 

53-56 Punch the outputs desired for the seventh address 

57-60 Punch the outputs desired for the eighth address 

63-66 Punch the outputs desired for the ninth address 

67-70 Punch the outputs desired for the tenth address 

73-76 Punch the outputs desired for the eleventh address 

77-80 Punch the outputs desired for the twelfth address 
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512 X 4 organization — first, second, third and last cards 



r 



^\ 



C. 



A 



A 



r 







CD S ^B c<sj ro 

^ tn ^H (^ (^ 

cs ^ ■■ CM r^ 

CD S?^ P^ ^*^ 

G3 S '^ cw rn 

^ j; «— csi CO 

o 9 ^H CM CO 

es $ ■■ csi CO 

^ ;; m CSI CO 



I £ *— CNI 



14-146 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS, TEXAS 75222 



TMS 2600 JC, TMS 2600 NC 
2048-BIT STATIC READ-ONLY MEMORY 



256 X 8 organization — first, second, third and last cards 




PRINTED !N U S.A 

11 (annof oss'jme an/ responsibility for any circuits shown 

or represent that Ihey ore tree from potent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBIE. 
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description 



The TMS 2602 JC/NC is programmed TMS 2600 JC/NC ROM capable of converting both USASCI I to Selectric Line 
Code, and Selectric Line Code to USASCI I. Electrical and mechankal characteristics, interfacing, and timing are iden- 
tical to those of the TMS 2600 JC/NC. 

Inputs li through I7, and Outputs O2 through Oq of the ROM correspond to the two codes as follows: 



ROM INPUT 


SELECTRIC BIT 


USASC!! BIT 


ROM OUTPUT 


'1 


1 


bi 


O2 


1 





b2 


n_ 


■2 




^J 


'3 


4 


b3 


O4 


'4 


8 


b4 


O5 


'5 


A 


b5 


06 


'6 


B 


be 


O7 


I7 


S 


b? 


08 



mode selection 

Output O1 is even parity for the 7-bit output word. 

Input Is at logic USASCI I is converted to Selectric Line Code 

Input Is at logic 1 Selectric Line Code is converted to USASCII 

logic definition 

As with the TMS 2600 JC/NC, negative logic is assumed. 
Logical 1 = most negative voltage 
Logical = most positive voltage 

code definition 

The standard USASCII table is used as. the USASCII code. The selectric code used is the IBM Correspondence Selectric 
Line Code. The following tables show the mapping from USASCII to Selectric and vice versa. 
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SELECTRIC TO USASCII (Is = logic 1] 




1 









1 




1 






1 
1 


1 




1 

1 


1 


1 



1 
1 
1 














8 4 2 1 







1 


2 


3 


4 


5 


6 


7 



1 
10 
11 
10 
10 1 
110 
111 
10 
10 1 
10 10 
10 11 
110 
110 1 
1110 

1111 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


SPACE>-^ 


t ^^ 

^y'^ t 


#X-^ 


>^ 


SPACE^^""^ 
^SPACE 


T y^ 

yy T 





< 


J ^y 
y^ J 


1^^ 

y^ 1 


y>^ X 


m >y 


9 y^ 


X^^ ] 


^ y^ 

yy X 


M 


Wl 


G y^ 
y^ G 


y^ 2 


n ^/^ 


^^ 


><^ 


^y^ @ 


^ ^y 
y^ N 


/^ 


+ y^ 


>^ 3 


u ^^ 


y^ V 


^y^ ^ 


y^ # 


"^ y^ 

yy u 


V 


V 


F y^ 

y^ F 


^y^ 5 


e ^/^ 
^y^ e 


J^ 


P y^ 




E ^/"^ 

^/^^ E 


/^ 


P y^ 
y^ ^ 


1 ^^ 
y^ 7 


d >^ 


r " y^ 
y^ r 


x^ 




^ y^ 

y^ D 


R 


R 


y^ 


y^ 6 


y^ k 


x^ 


q y^ 
y^ q 


y^^ > 


"^ y^ 
yy K 


X" 


Q ^^ 
y^ ^ 


y^ 8 


c ^y 
y^ c 


a j^ 
y^ a 


;/ 


y^. 


^ y^ 
y^ C 


A 


A 


^ 


4^^ 
y^ 4 


^><^ 


^y 
^y^ o 


><^ 


^y^ $ 










y^ 7 


y^ 


h y^ 
y^ h 


s y^ 
^y^ s 


X'^ y 


y^ ) 


^ y^ 

y^ H 


S 


S 


Y y^ 
yy ^ 


^^ z 


^/^ RS 


^'^ VT 


X"^ RS 


z^y 

y^ Z 


X"^ RS 


© 


FF 


®y^ 
^yy^ RS 


y^ 9 


y^ b 


y^ W 


/-^ 


x^ 


y^ B 


w 


W 


><::^ 


PNI/^ 
^X^C2 


BYl^x^ 


RESI/""^ 


X^C4 


?\^2y^ 
X^C2 


yy^^ 


RES2 


GS 


?^2y^ 

X^C4 


RSI^-^ 

^X^DC3 


LFI^--^ 


^CR 


HTI y^ 


^S2yy 

X^ci 


\.?2y^ 
yy^\-^ 


NL2 


CR 


yy^^'^ 


UCI/^ 


EOBI/^ 




^/^EL 


UC2/^ 


E0B2/^ 
X^TB 


BS2 


BS 


\j:.2y^ 


EOTI/^ 


PREI/^ 


^NUL 


sy^\Ay^ 

X^EL 


^0-\2y^ 


?^'eiyy 

^DLE 


IL2 


NUL 


DEL2/'''^ 
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USASCII TO SELECTRIC (Ig = logic 0) 



USASCII 

SELECTRIC 











. 
1 




1 






1 


1 


'o 





1 



1 


1 


1 




1 

1 
1 








b4 b3 b2 bi 
i i i i 


""■^COL 





1 


2 


3 


4 


b 


6 


7 



1 

10 
11 
10 
10 1 
110 
111 
10 
10 1 
10 10 
10 11 
110 
110 1 
1110 

1111 




1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 




DLE^^ 
^-/PRE2 


SPACE^/^ 
^-^ACEI 








@ 


@ 


P 


p 


>^ 


P ^^ 


y^ b 


DCI/^ 
^/^S2 


y^^ ! 


1 ^.'^ 


A 


A 


Q 


Q 


a 


a 




y^ 9 


DC2/^ 
/•'■''^PNI 




2^ 


2 


B^ 


B 


R . 


R 


b 


b 


^/^ r 




DC3x^ 

^../rsi 




Z. 


3 


C 


C 


S 


S 


c 


c 


s ^^ 

y^ s 




>^F1 


$ ^-^ 


4 


4 


D 


D 


T 


T 


d 


d 


t ^^ 


^^/1jC2 






5 


5 


?l 


E 


U 


U 


e 


e 


^y u 


NCK^^ 


SYN/^ 




6 


6 


F 


F 


V 


V 


f 


f 




BEL/^ 
^/^C1 


ETB^-^ 
/^EOB2 


>-r^ 


7 


7 


G, 


G 


w 


w 


g 


9 


w ^y 


BS ^/""^ 

,^^BS1 




( ^^ 


8 


8 


H 


H 


X 


X 


h 


h 




/''"^HTI 


EM^/^ 

/^RESI 




9 


9 


1 ^^ 
^./■'^ 1 


Y 


Y 


*/^ 


V ^y^ 


LF ^^ 


SUB^-^ 
^/^Y1 


^>^ 


^>^ 


> 


J 


z 


z 


y^ i 


z y''^ 


VT >^ 


ESC/^ 

/^REI 




^^ 


K . 


K 


(. 


+ 


k 


k 


^y ± 


FF ^.-^ 


FS ^^-^^ 




< 


° 


L 


L 


\ 


+ 


1 ^^ 


y'''^ ± 


CR /^ 


GS ^-^ 

/^RES2 


^^ 


^ 


< 


1^^ 


M 


1 /^ 


m 


m 


y^± 


SO /^ 


RS^-^ 

^/'^ES2 




> 


J^ 


N 


N 


- - ^^ 


n 


n 




SI ^/"^ 






7 


? 








^ 


o 





DEL„^ 

^/deli 
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description 



The TMS 2603 JC/NC is a programmed TMS 2600 JC/NC ROM capable of converting 8-bit EBCDIC to standard 
USASCII. Electrical and mechanical characteristics. Interfacing, and timing are identical to those of the TMS 2600 
JC/NC. 

Inputs li through Ig and outputs O2 through Og of the ROM correspond to the codes as follows: 



ROM OUTPUT 


EBCDIC BIT 


USASCII BIT 


ROM OUTPUT* 


"l 


87 (LSB) 


b2 


O2 


'2 


Be 


b3 


O3 


'3 


B5 


b4 


O4 


I4 


B4 


b5 


O5 


>5 


B3 


b6 


06 


>6 


B2 


b? 


O7 


I7 


Bl 


b8 


08 


'8 


Bq (MSB) 







Output Oi is even parity -for the 7-bit USASCII output word. 

logic definition 

As with the TMS 2600 JC/NC negative logic is assumed. 
Logic 1 = most negative voltage 
Logic = most positive voltage 

code definition 

Standard EBCDIC and USASCII codes are used for the conversion. The following table shows the mapping from 
EBCDIC to USASCII. 
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EBCDIC TO USASCII (Continued) 








1 






1 



1 


1 



1 



1 


1 

1 


1 

1 






1 

1 




1 


1 

1 
1 



1 

1 
1 
1 


^ 








4 5 6 7 

i i i i 







1 


2 


3 


4 


5 


6 


7 



1 

10 
11 
10 
10 1 
110 
111 
10 
10 1 
10 10 
10 11 
110 
110 1 
1110 

1111 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


X 


X 


^><^ 




X 


X 




X'"^ 


■X 


'X 


^x^ 




A 


^A 


J 


J 




1 ^X^ 


b ^y^ 

/^b 


k ^y 


s >y 

y"^ s 




B 


B 


K 


K 


S y^ 


2 ^X^^ 


c ^y 
^y c 


'^ 


t ^y 




C 


C 


L 


L 


T y^ 
^y^ T 


3 yy 
y^ 3 




^y m 


u ^y 




D 


D 


M 


M 


U y^ 
y^ U 


4 y^ 
X"'^ 4 


y^ e 


n ^y 
^y n 


y^ V 




E 


E 


N 


N 


V y^ 
y^ V 


5 y^ 
y^ 5 


f ^y^ 


y^ 

^y o 






F 


F 








W y^^ 
^y^ W 


6 ^X^^ 
X"'^^ 6 


9 ^y^ 


P ^y 


>y X 




G 


G 


P 


P 


X y^ 
y^ X 


7 ^/^^ 
^X''^ 7 




q. y"^ 


Y ^y 




H 


H 


Q 

X' 


Q 


Y y^ 
y^ Y 


8 y"^ 
y^ 8 


y^ i 


r y^ 
y'^ r 


^ 




1 ^x^ 


R 


R 


Z ^X^ 


9 ^X^ 
y^ ^ 






^><^ 






^x. 


X 


^ 






^x^ 






><^ 


X 


y<^ 






^>^ 






^xC^ 




X 






^><^ 






^x^ 




x^ 






'>< 






><^ 




x^ 






^>< 






XI 




xc 
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description 



The TMS 2604 JC/NC is a programmed TMS 2600 JC/NC ROM capable of converting both USASCII and Selectric Line 
Code to EBCDIC. Electrical and mechanical characteristics, interfacing, and timing are identical to those of the 
TMS 2600 JC/NC. 

Inputs li through I7 and Outputs O1 through Oq of the ROM correspond to the 3 codes as follows: 



ROM OUTPUT 


USASCII BIT 


SELECTRIC BIT 


EBCDIC BIT 


ROM OUTPUT 


•1 


bi 


1 


B7 


O1 


'2 


b2 


2 


Be 


O2 


'3 


b3 


4 


B5 


O3 


'4 


b4 


8 


84 


O4 


'5 


b5 


A 


B3 


O5 


'6 


be 


B 


82 


Oe 


I7 


b7 


S 


Bl 
Bo 


07 

08 



mode selection 

Input Is at logical 0- USASCII is converted to EBCDIC. 
Input Ig at logical 1 - Selectric is converted to EBCDIC. 

logic definition 

As with the TMS 2600 JC/NC, negative logic is assumed. 
Logic 1 = most negative voltage 
Logic = most positive voltage 

code definition 

Standard USASCII and EBCDIC are used along with IBM correspondence Selectric Line Code to produce the following 
conversion table: 
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USASCII TO EBCDIC 
(l8 = 0) 
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SELECTRIC TO EBCDIC 
(18=11 
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MOS TMS 2605 JC, TMS 2605 NO 

LSI USASIL BAUDOT, SELECTRIC. EBCDIC CODE GENERATOR 



features w 

9 2048-blt capacity > 

3 

• Static operation ^ 

(O 

• Maximum access time of 900 nsec ^ 

• Open-drain output buffers or double-ended buffers 

• TTL compatible 



description 



The TMS 2605 JC/NC is a multiple-code generator designed to exercise and test keyboards, data communication links, 
and typing mechanisms, by generating the "Quick Brown Fox" message. 

Six inputs of the TMS 26Q5 JC/NC are fed from a 6-bit binary count. The seventh and eighth inputs are used as code 
selects. The message can be generated in the four codes listed below: 

ly Ig CODE GENERATED 

Selectric (7 bits plus parity) 

1 EBCDIC (8 bits) 

1 Baudot (5 bits) 

1 1 ASCII (7 bits plus parity) 

For normal operation of this device. Chip Enable (pin 14) must be at logic 1, Ig (pin 13) at logic 1, and Mode Control 
{pin 15) at logic 0. 

The output! of the ROM correspond as follows: 

ROM OUTPUT SELECTRIC EBCDIC BAUDOT ASCII 



Ol 
02 



1 B? 1 Bi 

2 Bfi 2 B2 



03 4 es 3 B3 

O4 



O5 
06 

07 S 

08 Parity Bq - Parity 

In typical applications the TMS 2605 JC/NC will be connected to a 6-bit bmary counter. As the counter counts 
from to 63, the following message will be generated in the selectric code. 



EBCDIC 


BAUD 


B? 


1 


Be 


2 


B5 


3 


B4 


4 


B3 


5 


B2 


-- 


Bl 


— 



A B3 5 B5 

B Bo - B6 



THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 1234567890 DE 



electrical characteristics 



All electrical and mechanical characteristics of this device are identical to those of the TMS 2600 JC/NC. "TMS 2605 JC^ 
designates a unit mounted in a 24-pin hermetically sealed ceramic dual-in-line package. Mounted in a 24-pin plastic 
package the device is numbered "TMS 2605 NC/' (See MOS/LSI packaging section.) 
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logic definition 

Negative logic is assumed. 

a) Logical 1 = most negative voltage 

b) Logical = most positive voltage 



interface and typical applications data 



-12 V 



CLOCK 




SN7600 



-# CHIP ENABLE 



NOTE: A BINARY COUNTER FURNISHES THE INPUTS FOR THE ROM. THE SELECTED CODE WORD APPEARS IN 
INVERTED FORM (NEGATIVE MOS LOGIC) AT THE OUTPUT OF THE ROM, AND IN INVERTED FORM 
(POSITIVE TTL LOGIC) AT THE OUTPUT OF THE TTL GATES. 



truth table 

The truth table of the TMS 2605 JC/NC is given for the 4 selected codes: 
ADDRESS CODE I7 



0-63 


Selectric 








64- 127 


EBCDIC 


1 





128-191 


Baudot 





1 


192-255 


US ASCII 


1 


1 
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truth table (continued) 



08O7O6O5O4O3O2O1 



Y S B A 8 4 2 1 

1 n 1 

1 1 u 1 n 1 



NULL ''4 
CR *5 



2 IL1 


1 C 3 Q 


CA 


66 


3 1L1 


1 n 1 Q G 


LF 


'^7 


't T 


1 n : n 1 1 1 1 


T 


^8 


5 H 


lOlOQllO 


H 


69 


fc E 


-0 n 1 1 1 1 


E 


70 


7 SP 


llllllll 


SP 


71 


R Q 


U C Q 1 1 


Q 


72 


9 u 


1 ri 1 a J 1 J 


U 


73 


10 1 


1 1 1 n a 1 


1 


74 


11 c 


QOiniooo 


C 


75 


12 K 


lOlQlOOl 


K 


76 


13 SP 


llllllll 


SP 


77 


1" B 


COIOPIOD 


B 


78 


15 R 


1 '; 1 1 1 n 


R 


79 


16 


OUUlDlll 





PO 


17 w 


1 1 


W 


"1 


IS N 


Qoiniioi 


N 


S2 


19 SP 


llllllll 


SP 


R3 


20 F 


a c 1 1 


F 


R« 


21 


1 1 1 1 





«6 


22 X 


n 1 1 1 1 a 


X 


■^6 


23 SP 


llllllll 


SP 


«7 


24 J 


ooaoiiii 


J 


«8 


25 U 


10101100 


u 


f?* 


2* M 


on 011110 


M 


00 


27 p 


1 il 1 G 1 1 


p 


91 


26 S 


1 iJ 1 lie 


s 


92 


29 SP 


llllllll 


SP 


93 


3n 


COOlOlll 





94 


31 V 


lOOlllOO 


V 


96 


3? E 


n 1 1 1 1 


E 


96 


33 R 


10011010 


R 


97 


34 SP 


llllllll 


SP 


9e 


35 T 


1 n 1 D 1 1 1 1 


T 


99 


36 H 


1 n 1 1 1 C 


H 


100 


37 E 


00101011 


E 


ini 


3r. SP 


llllllll 


SP 


102 


39 L 


ooinoiii 


L 


103 


4n A 


Q n 1 1 


A 


104 


41 Z 


1 1 C 1 1 


Z 


105 


42 Y 


OOUQOllO 


Y 


106 


43 SP 


llllllll 


SP 


IP7 


44 D 


1 1 1 1 





int< 


45 


OCGlOlll 





109 


46 G 


irODlllQ 


G 


110 


47 SP 


llllllll 


SP 


111 


4S 1 


OllllllO 


1 


112 


49 2 


01111101 


2 


113 


50 3 


1 1 1 1 1 1 n 


3 


114 


51 4 


01110111 


4 


115 


5? 5 


1 1 1 1 1 1 


5 


116 


63 6 


11111001 


6 


117 


54 7 


1 1 1 1 1 U 1 


7 


118 


55 8 


01111000 


8 


119 


56 9 


Q 1 1 1 U 1 G G 


9 


1?C 


57 


11110 110 


Q 


121 


5H SP 


llllllll 


SP 


1?2 


59 D 


1 C 1 1 1 


D 


123 


60 E 


COlOlOll 


E 


124 


61 SP 


llllllll 


SP 


126 


62 DEL 


. 1 1 c 


DEL 176 


63 DEL 


1 I U U 


DEL 1'7 



0807060S04030201 



Bq Bi B2 B3 84 B5 Be 87 

11111111 
1 1 1 1 1 n 



n 1 1 1^^ 



0307060504030201 



0807060504030201 






n 






n 


1 


1 


1 


n 














1 


n 


1, 











1 


1 







n 








1 


1 







n 











1 




n 











1 


1 
















1 



















I 


n 




1 











1 


1 




n 











1 







n 











I 


1 







n 











n 




n 



















n 














1 




1 


n 








1 


1 







D 








n 


n 
























n 


D 
















1 


n 








1 


1 




n 











1 


1 




c 


3 











I 







fi 











1 




n 


n 








n 







n 


n 








1 







1 


n 








1 


1 







n 











□ 




n 














1 







n 











1 







n 








1 


1 




1 


n 








1 


I 
















1 


rj 
















1 


1 



















1 




1 


n 








1 


I 




n 











1 


n 





n 











I 


1 





n 





n 







1 


1 


D 





n 










1 


1 


I 



ICllllll 

n 1 1 1, 1 1 
□ C 1 1 n I 
p. 1 1 1 

1 1 1 I 1 1 1 

oonoiiio 
noooiini 
nnooiion 
nonoioii 
n n 1 1 n 



nonoioni 
nonoiooo 
nononiii 
nnnooiio 
n n n n 1 ill 



n 1 

1 

101 

1 1 1 
1 1 1 



12S 

129 

130 

131 

132 

133 

134 

135 

136 

137 

13R 

139 

140 

141 

142 

143 

144 

145 

146 

147 

14« 

149 

160 

161 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 



5 4 3 2 1 



LF 1 
LTR 1 
T 1 



1111 
1111 
1111 

110 

110 

110 

111 

111 

1 1 

I 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 I 

1 1 



111 
111 
1 Q 1 

111 
Oil 
110 

oil 



D 

1 

1 



oil 

110 
10 1 

111 

10 



110 11 
1110 11 

110 1 



SP 1 1 1 






1 



1 



1 
1 
1 





111 

10 



111 
111 
111 
111 
111 



110 

oil 

1 

ill 

1 1 
oil 

111 

oil 



1 



D 1 

1 

G 1 

SP 1 

FIG 1 



4 1 

5 1 

6 1 

7 1 

8 1 

9 1 
1 
SP 1 
LTR 1 
D 1 



1 




1 

10 

oil 

1 1 
1 1 

1 

1 

1 




USASCII 



I 



192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

24Q 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 



Y 87 Bg 85 B4 83 82 Bi 
NULL 00000000 
CR OlliOQlO 
CR OlliOOlO 

LF liiioioi 

T ooigioii 

H lOiiQiii 

E ooiiioio 

SP oioiiiii 

Q 00101110 

10 1 

i 

i 1 

i 

1 I 

1 i 

1 

i 



1 
1 
I 

1 

1 
1 
1 
1 





i 1 
100 
i ij 
ill 
i i 
i i 
000 



OblOlQOO 

loiioooi 

QlOillll 

OOlilQOl 



1 

1 

i q 

1 

1 i 

1 i 

1 i 

10 1 

i i 

i i 

1 t e 
0011 





i 

i 

1 





1 



i i 

b 

i 

1 

i 

1 i 
i 
i 

1 
i 



iOlQOlOl 
10100110 

oiOiiiii 
loiiioii 
ooiioooo 
"■ I ft f 
1111 
1110 
1 i i 
i i 




1 



1 

1 



1 



1 
oil 
i i 
lie 
i i i 
oil 
1 i 
ill 



000 
oil 

i J 1 
010 
101 

1 

ill 

1 i 
i i 

b 

1 
i 
1 i 

i - 

6 1 

i i 

b i 

i 1 

1 1 



101 
010 
i 
c 1 
110 

i 



9 


SP 
D 
E 

a> 

DEL 
DEL 



1 



1 
1 

i 

1 





i 

1 

1 

1 





i 

1 1 
i 1 

1 1 fi 1 

i I i 1 

b b, 

b 
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•^OS TMS 2700 JC, TMS 2700 JM, TMS 2700 NC 

LSI 3072-BIT STATIC READ-ONLY MEMORY 



featu 



es S 

3) 

256 X 12 organization c 

> 

Static operation ^ 

Direct TTL compatibility jg 

Single-ended output buffers 

28-lead dual-in-line package 

3-line programmable chip select 

Chip enable 

900-ns access time 

Low-threshold technology 

Full military temperature range (TMS 2700 JM) 

description 

The TMS 2700 is a static read-only memory with a capacity of 256 12-bit words. The device is constructed on a single 
monolithic chip, with MOS P-channel enhancement-mode low-threshold technology. Single-ended output buffers and 
a 3-line chip select allow the user to wire OR up to eight of these static ROMs, with no additional logic. 

Programming of the memory content and output buffer configuration is accomplished by changing a single mask during 
device fabrication. 

The TMS 2700 JC and JM are mounted in 28-pin ceramic dual-in-line packages. TMS 2700 NC is mounted in a 28-pin 
plastic package. 

The temperature range is -25°C to +85°C for the TMS 2700 JC and the TMS 2700 NC, and -55°C to +125°C for the 
TMS 2700 JM. 

logic definition 

a) Logical 1 = most positive voltage 

b) Logical = most negative voltage 

operation 

The TMS 2700 series features static operation. No clocks are required. The output data will remain valid as long as the 
input address (including chip select) remains unchanged. 

"Access time" is defined as the maximum time required for all outputs to reach the minimum logic 1 levels or maximum 
logic levels with the correct data. This duration is measured from that point in time at which all address inputs and 
chip-select inputs are valid. 

A disable input on the chip-enable input will cause the outputs to become open circuits. The memory will be enabled 
when the chip select is at logic D. 

The output buffers are single ended, open drain and allow the wired-OR connection. 

Three chip-select lines (CSq, CSi . CS2) allow the user to wire OR up to eight TMS 2700 devices. The memory will be 
selected for one and only one chip-select word. This word is selected by the user and programmed in the memory when 
the memory content is programmed. 
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data encoding 



Information concerning memory content and chip select should be submitted on the TMS 2700 Software Package. Data 
to be stored in the memory should be entered on punched cards in the format described by the Software Package. 



functional block diagram and pin configuration 



Aq Ai A2 A3 A4 A5 



X DECODER 



A6 
A7 

cso 

CS1 
CS2 



lu O 
CO u 



64 



MEMORY MATRIX 
3702 BITS 



48 



WORD SELECT 



12 



BUFFERS 



] I 



Oo 



Oil 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage VgG range (See Note 1) -22 V to 0.3 V 

Chip enable voltage range (See Note 1) -22 V to 0.3 V 

Address and chip select voltage range ~22 V to 0.3 V 

Operating free-air temperature range 

- TMS 2700 JC/NC -25 V to 85 V 

-TMS2700JM -55^Vto125^V 

Storage temperature range ~^^ Cto150C 

NOTE 1 : These voltage values are with respect to Vss (substrate). 
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recommended operating conditions 



PARAMETER 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 

Substrate supply Vss 
Gate supply Vqg 


4.75 
-13.5 


5.00 
-15 


5.25 
-16.5 


V 
V 


Logic Levels 

Input HIGH level (1) V|H 
Input LOW level (0) V|i, 


2.6 




5.00 
0.5 


V 
V 



static electrical characteristics (under nominal operating conditions over operating temperature range 
unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


!|i_ Input Current 


V|N=0V 






2 


ma 


Output Voltage Levels 












Vol Output LOW level (0) 


See Note 3 








V 


Vqh Output high tevel (1) 


'SOURCE = 2.5 mA, Vss = 4.75 V 


2.4 






V 


Vol Output LOW level (0) 


Load 20 kn to -15 V (Note 4) 


-13.5 


-14.5 




V 


VoH Output HIGH level (1) 


Load 20 kn to -1 5 V (Note 4) 


+3.5 


+4.0 




V 


Power Supply Current Drain 












'SS Substrate supply 








32 


mA 


•gG Gate supply 








32 


mA 


Pq Power dissipation 


Chip enable logic 1 
Chip enable logic 






350 
650 


mW 
mW 



NOTES: 3. For an output logic 0, the output buffer transistor is Off and the impedance between the output terminal and Vgs is of several MCI 
(leakage current ''ClO juA). 
4. Recommended for MOS interface. 

dynamic electrical characteristics 



PARAMETER 



Access Time (Notes 5 and 6) 
tAC 
UR 



Capacitance 

Input and chip select 



TEST CONDITIONS 



-10°C to+70°C 
-55°Cto+125'=C 



TYP 



MAX 



900 
1150 



UNITS 



pF 



NOTESr 5. Load is one TTL gate plus a 20 pF capacitance. For final test purposes a worst-case TTL load is simulated by a 2.7-kn resistor 
and a 20 pF capacitance. 
6. See timmg diagram. 
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timing diagram and voltage waveforms 




mechanical data and pin configuration 

The TMS 2700 JC and TMS 2700 JM are mounted in 28-pin hermetically sealed dual-in-line packages consisting of a 
ceramic base, gold-plated cap, and gold-plated leads. The TMS 2700 NC is mounted in a 28-pin plastic dual-in-line pack- 
age. The packages are designed for insertion in mounting-hole rows on 0.600-inch centers. (See MOS/LSI packaging 
section.) 



1 c 


.u 


128 


c 




3 


c 




□ 


c 




n 


c 




3 


□ 




3 


c 


TOP VIEW 


3 


c 




3 






3 
3 


E 




3 


c 




3 


c 




3 


14 C 




3^5 



J NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


OlO 


15 


CSi 


2 


09 


16 


CE 


3 


08 


17 


A5 


4 


07 


18 


A4 


5 


06 


19 


A3 


6 


05 


20 


A2 


7 


04 


21 


Al 


8 


03 


22 


AO 


9 


02 


23 


As 


10 


01 


24 


A7 


11 


oo 


25 


No connection 


12 


Vi 


26 


vss 


13 


CS3 


27 


No connection 


14 


CS2 


28 


Oil 
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TMS 2700 JC. TMS 2700 JM, TMS 2700 NC 
3072-BIT STATIC READ-ONLY MEMORY 

TTL interface circuit 




Vcc - + 5 V 



I TYPICAL OUTPUT 



R** 3.0 kn 



i -5.0 V SUPPLY 




20 pF 

EXTERNAL 

CAPACITANCE* 



TYPICAL OUTPUT 
• THE OUTPUT CAPACITANCE IS NOT PART OF THE TTL INTERFACE. IT IS USED IN SWITCHING CiRCUltS TO SIMULATE 

PARASITIC CAPACITANCE LOADING IN ACTUAL USE (BOARD, INTERCONNECt, ETC.). 
t ALTERNATE RESISTOR VALUE - 6.8 kCl to -15 V SUPPLY. 



SOFTWARE PACKAGE 

Programming information for the TMS 2700 should be transmitted to Tl in the form of a DECK OF 64 STANDARD 
80-COLUMN COMPUTER CARDS, accompanied by a listing of these cards. This method eliminates many chances for 
error and guarantees the fastest delivery schedule of ROMs. Upon receipt of each deck, a computer run will be made 
and a copy of the computer-generated truth table sent back to the customer. This copy should be checked carefully. 
If any errors are discovered, Tl must be notified immediately so that work can be stopped and the necessary adjustments 
made. 

Each card in the data deck describes the outputs for four input addresses. All addresses must have their outputs defined. 
The addresses must also be placed in consecutive order. Cards should be punched according to the following format. 
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TMS 2700 — first, second, third and lasit cards 
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IMS 2700 JC, TMS 2700 JM. TMS 2700 NC 
3072-BIT STATIC READ-ONLY MEMORY 

data card format 

COLUMN 

1-2 Punch the sequential card number (01 through 64). 

3 Blank 

4-9 Punch the Z identification number supplied by Tl MOS Marketing (2 letters. 4 numbers). 

10 Blank (a space for the revision letter if necessary) 

1 1 Blank 

12—14 Punch chip-select logic CSO, CS1, CS2. A "1" for a logical 1 and a "0" for a logics! 0. 

15 Blank 

16-18 Punch a right-justified integer representing the binary input address (0-255) for the first set of outputs 

described on the card 

19 Punch a "-" (minus sign) 

20-22 Punch a right-justified integer representing the binary input address for the last set of outputs described 

on the card. 

23-24 Blank 

25-75 Punch a description of the output sets selected for the range of input addresses specified on the card. 

A "1" for a logical 1 and a "0" for a logical 0. Each card will describe 4 output sets. 

25-36 Punch the outputs desired for Oi i, Oio, Og, Os, O7, Oe, O5, O4, O3, O2, O1, Oq, in that order, fot 

the first address specified on the card. 

38-49 Punch the outputs desired for the second address. 

51—62 Punch the outputs desired for the third address. 

64-75 Punch the outputs desired for the fourth address. 
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MOS TMS 2800 JC, TMS 2800 NC 

LSI 1024-BIT STATIC READ-ONLY MEMORY 



> 

features z 

c 

1024-bit capacity s 

-< 
Static operation '_> 

CD 

Maximum access time under 1 microsecond ^ 

Open-drain output buffers or double-ended buffers 

TTL compatible 

16-pin dual-in-line package 

description 

The TMS 2800 JC/NC series is a family of static read-only memories, each having a capacity of 1024 bits. 

Programming of the memory content and output buffer configuration is accomplished by changing a single mask during 
device fabrication. 

A chip-select input is available. 

The memory contents consist of 256 words of four bits. 

Two types of output buffers are available: 

• Single-Ended (open drain) 

Designed for driving TTL, this output has one MOS device with its drain at the output and its source at 
chip ground. 

• Double-Ended 

Designed for driving the inputs to other MOS integrated circuits and devices, this version has its own MOS 
load resistor provided internally. It requires no additional external circuitry. 

"TMS 2800 JC" designates a unit mounted in a 16-pin hermetically sealed ceramic dual-in-line package, and "TMS 
2800 NC" is used for a unit mounted in a 16-pin plastic package. 

logic definition 

Negative logic is assumed. 

a) Logical 1 = most negative voltage 

b) Logical = most positive voltage 

operation 

The TMS 2800 JC/NC series features static operation. No clocks are required. The output data will remain valid as long 
as the input address (including chip select) remains unchanged. The Vqg supply may be clocked to reduce power con- 
sumption without affecting access times. 

Access time is defined as the time between a change of data on any logic input or chip-select line and the change of data 
on the output of a TTL gate. (See timing diagram) 

— continued 
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TMS 2800 JC, TMS 2800 NC 
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operation (continued) 

A logical on the chip select input will cause the outputs to become open circuits on the "single-ended" (open-drain) 
type output buffer and will cause the outputs to go to Vqd on the double-ended (push-pull) type output buffer. 

The nunnber of words per output is increased by hardwiring together the outputs of different devices. Note that, when 
using the hardwired output technique, all devices should have single-ended buffers. Hardwiring outputs performs the 
AND function in negative logic. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1 ) -30 V to 0.3 V 

Supply voltage Vgg range (See Note 1) -30 V to 0.3 V 

Data input voltage ranges (See Note 1 ) —30 V to 0.3 V 

Operating free-air temperature range — 25°C to 85°C 

Storage temperature range — 55°Cto150°C 

NOTE 1 : These voltage values are with respect to Vgs (substrate). 



recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage Vqd 


-9 


-12 


-22 


V 


Supply voltage ^qq 


-18 


-24 


-29 


V 


Input, chip select logic 1 


-8 


-12 


-22 


V 


Input, chip select logic 


-t-0.3 





-3 


V 


Input pulse vwidth 


550 






ns 



The design of the unit permits a broad range of operation that allows the user to take advantage of readily available 
power supplies (e.g., -H2 V, 0, -12 V). Larger power supplies (e.g., -1-14 V, -14 V) may be used. 

electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


'out(O) 


Logical output current (Note 1 ) 


-12 V applied 


3 


7 




mA 


'out(l) 


Logical 1 output current {Note 1) 


-12 V applied 






10 


mA 


Zoutd) 


Logical 1 output impedance (Note 2) 


V applied = Vqd + 3 




18 


25 


kil 


Zout(O) 


Logical output impedance (Note 4) 


V applied = Vss -3 




0.8 


1.1 


kn 


Voutd) 


Logical 1 output voltage (Note 2) 


Rl = 1 mn 


-9 




-12 


V 


Vout(O) 


Logical output voltage (Note 2) 


Rl = 1 mn 







-2.0 


V 


tAI 


Access time (Note 3) 


See switching circuit 




600 


900 


ns 


tA2 


Access time (Note 3) 


See switching circuit 




620 


900 


ns 


Pd 


Power dissipation (Note 2) 


All outputs at Logical 




170 




, mW 


"l 


Input leakage current 


—12 V applied to input 






1 


MA 


Cin 


Input capacitance 


Vjn = OV, f=1MHz 




5 




pF 


'dd 


Drain current 


All outputs @ Logical 




15 




mA 


'GG 






1.0 




mA 



NOTES: 1. Open-drain buffer 

2. Push-pull buffer 

3. See switching diagram 

4. Either open-drain or push-pull configuration 
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mechanical data and pin configuration 

This device is available in both a 16-pin hermetically sealed ceramic dual-in-line package (TMS 2800 JC) and a 16-pin 
plastic package (TMS 2800 NC). These packages are designed for insertion in mounting-hole rows on 0.300-inch centers. 
(See MOS/LSI packaging section.) 



iC 


•u 


3 16 


c 




3 


c 




1 


c 


TOP 


1 


c 


VIEW 


J 


d 




3 


c 




3 


sc: 




3 9 



^ NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


A3 


9 


As 


2 


A2 


10 


CS 


3 


Al 


11 


vgg 


4 


Bl 


12 


A7 


5 


B2 


13 


A6 


6 


B3 


14 


A5 


7 


B4 


15 


A4 


8 


vss 


16 


Vdd 



A - input 
B - output 
Vss ~ substrate 



Vdd -drain supply 
Vgg - gate supply 



switching circuit and TTL interface 




+12 V 



INPUTS OR 
CHIP SELECT 



Vss 



Vgg 



TMS 2800 JC/NC 

Vdd 



-12 V 



' 6.8 kn 



2.2 kn 



SN7400 



« — •- 



r> 



-f-o 



o 

51 



10pF*» 



— l-15pF** 



Value of R itepends on system speed and power requirements. 

The output capacitances are not part of the TTL interface. They are used in the switching circuits to simulate parasitic capacitance 

loading in actual use (board, interconnect, etc.). 
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TMS 2800 JC, TMS 2800 NC 
1024-BIT STATIC READ-ONLY MEMORY 



switching diagram 



+12 V 
INPUT OR CHIP SELECT 
OV 

+3V 
TTL OUTPUT 

OV 


\ 

J 


1 

— 
1 


+4V 














\ 

1 


L+9V 

i 






tAI 








tA2 












) 






^ 


J +1.5 V 


L +1.5 V 















SOFTWARE PACKAGE 



input format 



Programming information for the TMS 2800 JC/NC should be transmitted to Tl in the form of a DECK of 22 STAN- 
DARD 80-COLUIVlN COMPUTER CARDS, accompanied by a listing of these cards. This method eliminates many 
chances for error and guarantees the fastest delivery schedule of ROMs. Upon receipt of each deck, a computer run will 
be made and a copy of the computer-generated truth table sent back to the customer. This copy should be checked 
carefully. If any errors are discovered, Tl should be notified immediately so that work can be stopped and the necessary 
adjustments made. 

Information on the buffer option desired will be transmitted on a special form supplied by Tl. 

Each card in the data deck describes the outputs for twelve input addresses. All addresses must have their outputs de- 
fined. The addresses must also be placed in consecutive order. Cards should be punched according to the following 
format. 

data card format 

Column 



1-2 

3 

4-5 

6-11 



Punch the sequential card number (01 through 22) 

Blank 

Punch a "28" to signify TMS 2800 JC/NC 

Punch the Z Identification number supplied by Tl MOS Marketing (2 letters, 4 numbers) 
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data card format (continued) 



Column 

12 

13 

14 

15-17 

18 
19-21 

22 
23-80 

23-26 
27-30 
33-36 
37-40 
43-46 
47-50 
53-56 
57-60 
63-66 
67-70 
73-76 
77-80 



Blank (a space for the revision letter if necessary) 

Punch a "4" to signify four outputs 

Punch a "D" for open-drain type output buffers or punch a "P" for push-pull type output buffers 

Punch a right-justified integer representing the binary input address (0-255) for the first set of outputs 
described on the card 

Punch a "— " (nninus sign) 

Punch a right-justified integer representing the binary input address for the last set of outputs described 
on the card 

Blank 

Punch a description of the output sets selected for the range of input addresses specified on the card. 
A "1" for a logical 1 and a "0" for a logical 0. Each card will describe 12 output sets. The 22nd card 
will contain only 4 output sets. 



Punch the outputs des 
Punch the outputs desi 
Punch the outputs des 
Punch the outputs des 
Punch the outputs desi 
Punch the outputs desi 
Punch the outputs desi 
Punch the outputs des 
Punch the outputs desi 
Punch the outputs des 
Punch the outputs desi 
Punch the outputs desi 



red for 84, B3, B2, Bi in that order, for the first address specified on the card. 

red for the second address 

red for the third address 

red for the fourth address 

red for the fifth address 

red for the sixth address 

red for the seventh address 

red for the eighth address 

red for the ninth address 

red for the tenth address 

red for the eleventh address 

red for the twelfth address 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX E012 • DALLAS, TEXAS 75222 



14-171 
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TMS 2800 JC — first, second, third and last cards 



OK** «si «-• ^er 



p*- «■ my: 



1-4 



s /T 



a 






«■ o>a } 






i~ •» a>S 



►» «> «>S 



IS — CM n «r 



1- I* anS 



<0 1^ as v>3 



<a •-. «• otS 



i~ •• ens 



1- •> «.« 



«B «-• «V «> )( 

(to I— •■ flnS 



> S IBI «<>i r>* ^ 



f~ « •SB 



p. «> anc 



•^^ 
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MOS 
LSI 



TMS 2iB01 JC, TMS 2801 NC 
EIGHT-LEVEL PRIORITY ENCODER 



features 



1024-bJt capacity 

static operation 

maximum access time under 1 microsecond 

open-drain output buffers 

TTL compatible 



description 



Tlie TMS 2801 JC/NC is a programmed TMS 2800 JC/NC. Ail electrical and mechanical characteristics of the TMS 2800 
JC/NC apply (See MOS product brochure CB-126) to this 1024-bit MOS read-only memory. 

Programmed as a priority encoder, the TMS 2801 JC/NC generates an output code according to the priority levels present 
at its inputs. Each input corresponds to a priority level. The highest priority line that is "true" produces its characteristic 
output code, regardless of the state of the lower priority input lines. Although one TMS 2800 JC/NC has only enough 
inputs for eight priority levels, the chip-select input can be Used to cascade devices for as many priority levels as necessary. 

"TMS 2801 JC" designates a unit mounted in a 16-pin hermetically sealed ceramic dual-in-line package. A unit mounted 
in a 16-pin plastic dual-in-line package is numbered "TMS 2801 NC". 

logic definition 

Positive logic is assumed. 

a) Logical 1 = most positive voltage 

b) Logical = most negative voltage 

TMS 2801 JC/NC truth tabie for 8 priority levels 



'DO 







O 

1 


u 

z 


f2 




1 


H 


D 














o 


Z 




1 


» 






1 


S 




B 


Q 


P 



H 



MOST SIGNIFICANT 
INPUT AT A LOGICAL 1 


OUTPUTS 


B3 


82 


Bl 


1 











2 








1 


3 





1 





4 





1 


1 


5 


1 








6 


1 





1 


7 


1 


1 


8 


1 


1 1 



6 6 6 

Bi B2 B3 
OUTPUTS 



PRELIMINARY DATA SHEET: 
Supplementary data will be 
published at a later date. 
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extension to 16-level priority encoder 



^DD 



8 o- 



cs 



So- 



le 



1 



6 6 6 6 

^1 ^ ^3 ^4 

OUTPUTS 



MOST SIGNIFICANT 
INPUT AT A LOGICAL 1 


OUTPUTS 


B4 


B3 


B2 


Bl 


1 














2 











1 


3 








1 





4 








1 


1 


5 





1 








6 


Q 


1 





1 


7 





1 


1 





8 





1 


1 


1 


9 













10 










1 


11 







1 





12 







1 


1 


13 




1 








14 




1 





1 


15 




1 


1 





16 




1 


1 


1 



extension to 24-level priority encoder 




6 6 6 6 6 
Bi B2 B3 B4 B5 

OUTPUTS 



MOST SIGNIFICANT 
INPUT AT A LOGICAL 1 


OUTPUTS 


B5 


B4 B3 


B2 


Bl 


1 





i 








2 











1 


3 
















4 













1 


5 








1 







6 








1 




1 


7 








1 







8 








1 




1 


9 















10 












1 


11 















12 












1 


13 







1 







14 







1 




1 


15 







1 







16 







1 




1 


17 
















18 













1 


19 















20 












1 


21 







1 








22 







1 





1 


23 







1 







24 


1 





1 




1 
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extension of 32-level priority encoder 



5< 



io- 



80- 



9o- 



I60- 



17 O- 

I 
I 



25o- 



32 i_ 



o 1 

09 9 

M 3 

CS 



CS 



o 1 

^ 2 

S ^ 

CS 



o 1 

CO 9 

CM 2 

to 3 
CS 




^r U 



<»-H 



6 6 6 6 6 
B^ B2 B3 B4 B5 

OUTPUTS 



MOST SIGNIFICANT 
INPUT AT A LOGICAL 1 


OUTPUTS 


B5 


B4 


B3 


B2 


Bl 


1 

















2 














1 


3 











1 





4 











1 


1 


5 








1 








6 








1 


p 


1 


7 








1 


1 





8 








1 


1 


1 


9 
















10 













1 


11 










1 





12 










1 


1 


13 







1 








14 







1 





1 


15 







1 


1 





16 







1 


1 


1 


17 
















18 













1 


19 










1 





20 










1 


1 


21 







1 








22 







1 





1 


23 







1 


1 





24 







1 


1 


1 


25 















26 












1 


27 









1 





28 









1 


1 


29 






1 








30 






1 





1 


31 






1 


1 





32 






1 


1 


1 
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LSI SERIES CHARACTER GENERATOR 



features 



Static operation § 

2240-bit capacity < 

64 Characters of 35 bits (5 x 7) or 'g 

32 Characters of 70 bits (5x14) ^ 

TTL compatible 

700-ns maximum access time 

7-bit input address 

Single-ended open-drain output buffers 



description 



The TMS 4100 JC/NC series is a family of MOS read-only memories, each with a capacity of 2240 bits. Two organiza- 
tions are available: 

1 ) 64 words of 35 bits (5x7) 

2) 32 words of 70 bits (5 x 14) 

The memory is organized to function primarily as a character generator. The seven outputs represent a column in a 5 x 
7 dot matrix. 

The output word appears as a 5-word sequence on each of the output lines. Sequence is controlled by 5 strobe lines 
(column select), which feed directly into the buffer section of the memory. By enabling the first strobe line, the first 
group of 7 bits (first column) is obtained at the output. Then the second, third, fourth, and fifth strobe lines are enabl- 
ed. The column select can remain fixed while the character address changes, or the character address may remain fixed 
while the column select changes. 

The decoder will accept a 7-bit parallel input. Because only six bits are required in order to decode the 64 input words, 
the seventh bit may be used as a chip enable. If the memory is organized as 32 words of 70 bits, it is possible to have 
two chip-enable lines. 

The TMS 4100 JC/NC series features static operation. No clocks are required. The output data will remain valid as 
long as the input address (including chip select) remains unchanged. The Vqg supply may be clocked to reduce power 
consumption without affecting access times. 

Output buffers are single ended, open drain and allow the wired-OR connection. 

The number of words per output is increased by hardwiring together the outputs of different devices. Hardwiring out- 
puts perform the AND function in negative logic. 

"TMS 4100 JC" designates a unit mounted in a 28-pin hermetically sealed ceramic dual-in-line package, and 
"TMS 4100 NC" is the part number for the unit mounted in a 28-pin plastic package. 

logic definition 

Negative logic is assumed for all inputs. 

a) Logic 1 = most negative voltage (—14 V) 

b) Logic = most positive voltage (0 V) 

An output dot is defined as the "on" state of the output MOS transistor and an output blank as the "off" state. 
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functional block diagram 



5 COLUMN 
SELECT LINES 



7 INPUT LINES 



DECODE 



MEMORY MATRIX 



COLUMN 
SELECT 



BUFFER 



7 TO 14 
OUTPUTS 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See Note 1) -30 V to 0.3 V 

Supply voltage Vqg range (See Note 1) . -30 V to 0.3 V 

Data input volt-age ranges (See Note 1) — 30 V to 0.5 V 

Operating free-air temperature rarrge — 25°C to 85°C 

Storage temperature range . . . *' — 55°Cto150°C 



recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage Vpo 


-12 


-14 


-16 


V 


Supply voltage Vqq 


-24 


-28 


-29 


V 


Input, column select and enable logic 1 


-9 


-14 


-16 


V 


Input, column select and enable logic 


+0.3 





-3 


V 



Maximum speed of operation will be obtained when operating at the nominal values. The design of the unit permits a 
broad range of operation that allows the user to take advantage of readily available power supplies (e.g., +12 V, 0, -12 V). 

electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER (See Note 1) 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


1(1) 


Output Blank Current (Note 2) 


-14 V applied to output 






10 


tiA 


'(0) 


Output Dot Current (Note 2) 


— 14 V applied to output 


1 


2 




mA 


1(0) 


Output Dot Current (Note 2) 


VoD = -12V, Vgg = -24V, 
—12 V applied to output 


0.5 


1 




mA 


V(0) 


Output Voltage for a Dot (Note 2) 


l0 = 0.6 mA 




-1.3 


-2.8 


V 


V(1) 


Output Voltage for a Dot (Note 2) 


Iq = 1 nriA 




-2.5 


-6 


V 


Input and Column Select Leakage Current 


— 14 V applied to input 






1 


mA 


'dd 


Drain Supply Current 






14 


25 


mA 


'gg 


Gate Supply Current 








1 mA 


Power Dissipation 






250 


400 


mW 


Address input Capacitance 






6 


15 


pF 



NOTES: 1. These voltage values are with respect to network ground terminal (Vss). 

2. An output dot is defined as the On state of the MOS output transistor. An output blank is defined as the Off state. 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS. TEXAS 75222 



14-177 



TMS 4100 JC. TMS 4100 NC 
SERIES CHARACTER GENERATOR 



switching characteristics (at nominal operating conditions and 25°C unless otherwise noted) 



PARAMETER (Refer to Switching Diagram) 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Character Access Time, Bipolar Load 






400 


700 


ns 


Character Access Time, Bipolar Load 


Vss = +12V, VdD = OV, 




500 


700 


ns 


Column-Select Access Time Bipolar Load 






150 


300 


ns 


Column-Select Access Time, Bipolar Load 


Vss = +12V, Vdd = OV, 
Vgg = -12V 




200 


350 


ns 


Character Access Time, Low Power TTL Load 






500 


850 


ns 


Character Access Time, Low Power TTL Load 


Vss = +12V, Vdd = OV, 




600 


950 


ns 


Column-Sfelect Access Time, Low Power TTL Load 






200 


400 


ns 


Column-Select Access Time, Low Power TTL Load 


Vss = +12 V, Vdd = V. 
Vgg = -12V 




300 


500 


ns 



switching circuit and switching diagram 

a) Bipolar load 



Vss Vdd vgg 



ADDRESS 



O ^ O 300pF 

-• — i— wv-'- 



TMS 4100 JC 



T 



6.8 kn 
22kn< 



COLUMN SELECT 




address or coiumn-select input voltage 



Vss 



INPUT 



OUTPUT CURRENT 



VSS-3V 
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switching circuit and switching diagram (continued) 

b) Low power TTL load 



Vss VddVqG 



ADDRESS O- 
COLUMN SELECT O- 



TMS4100JC 



Vout 



SN74L00 



o- 



+5V 



address or column select voltage 



Vss 



INPUT 




OUTPUT VOLTAGE 



vss-sv 



V 




1.5 V 




VSS-3V 




custom programmed devices 

The TMS 4100 JC/NC series is programmed at the gate-oxide stage of manufacturing. Programming charges are reduced 
to a minimum because only one mask per unique design need be created (gate oxide removal mask). All other proces- 
sing steps remain the same for all devices. Options available to the customer during programming are: 

• memory organization 

• character format 

• enable logic polarity {or permanently enabled) 

The encoding of the gate mask is done by computer to provide a fast, error-free encoding process. 

Standard encoding sheets are used. These encoding sheets (SOFTWARE PACKAGE) are available from the T! sales 
office. 

mechanical data 

This device is available in both a 28-pin hermetically sealed ceramic dual-in-line package (TMS 4100 JC) and a 28-pin 
plastic package (TMS 4100 NC). These packages are designed for insertion in mounting-hole rows on 0.600-inch centers. 
(See MOS/LSI packaging section.) 
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pin configuration 



Depending on the organization of the memory, three pin configurationsf may be used. 

Package Pin Configuration, TMS 41 (X) JC/NC 





CONFIGURATION | 


A 


B 


c 






TOTAL OUTPUTS- 




PIN NO. 


TOTAL OUTPUTS- 


MORE THAN 1, 


TOTAL OUTPUTS- 




7 OR FEWER 


FEWER THAN 14 


14 


1 


Ol 


Ol 


Ol 


2 


NC 


O2 


02 


3 


02 


O3 


03 


4 


NC 


O4 


04 


5 


O3 


O5 


05 


6 


NC 


06 


06 


7 


O4 


O7 


O7 


8 


NC 


08 


08 


9 


O5 


O9 


O9 


10 


NC 


O10 


G10 


11 


06 


On 


Oil 


12 


NC 


Oi2 


O12 


13 


O7 


013 


Ol3 


14 


Vdd 


Vdd 


Ol4 


15 


vgg 


Vqg 


Vdd 


16 


'6 


'6 


Vqg 


17 


Vss 


Vss 


'6 


18 


Ca 


Ca 


Vss 


19 


Cb 


Cb 


Ca 


20 


Cc 


Cc 


Cb 


21 


Co 


Co 


Cc 


22 


Ce 


Ce 


cp 


23 


15 


<5 


Ce 


24 


"4 


'4 


15 


25 


'3 


13 


"4 


26 


'2 


'2 


13 


27 


'1 


"1 


'2 


28 


'7 


'7 


h 


NC - NOT CONNECTED - OUTPUT 1 - INPUT 


C - COLUMN SELECT 




28 15 






nnnnnnnpnnnnnn 








3 TOP VIEW 








• 





standard devices 

Because certain codes are widely used, Tl has created a series of standard devices that are available off the shelf and for 
which there is no coding charge. The most widely used standard device is: TMS 4103 JC/NC USASCIl CODE (See 
attached character format). 

Organization: 64-Character Storage 

35-Bit Character Matrix 
6-Parallel Character- Address Input 
Chip Enabled by Logic 1 Applied to I7 
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standard devices (continued) 

Other Available Standard Circuits: 

® TMS 4177 JC/NC and TMS 4178 JC/NC. These two devices are used as a unit to implement a 7 x 10 row 
output character generator. The two devices are wired OR and are scanned in succession. 

•>^ 
USASCIICode 

— 64-Character Storage 

- 7-Bit Parallel Input 

See attached character format. 
e TMS 4179 JC/NC 



EBCDIC Code 
— 64-Character Storage 
7-Bit Parallel Input 

See attached character format. 
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featu 



es 

4096-bit capacity 

Static operation 

Access time less than 1 microsecond (typical) 

Two organizations available 

Open-drain output buffers or double-ended buffers 

TTL compatible 

Three chip-select lines available 

24-pin dual-in-line package 

ceramic - TMS 4400 JC 

plastic - TMS 4400 NC 



description 



The TMS 4400 JC/NC series is a family of static read-only memories, each with a capacity of 4096 bits. Two memory 
organizations and two output buffer configurations are provided through single-level mask programming. 

The memory may be organized as 1024 words of four bits, qr 512 words of eight bits. 

"TMS 4400 JC" designates a unit mounted in a 24-pin ceramic dual-in-line package, and "TMS 4400 NC" is used for a 
unit mounted in a 24-pin plastic package. 

Two types of output buffers are available: 

• Single-Ended (open drain) 

Designed for driving TTL, this output has one MOS device with its drain at the output and its source at chip 
ground. 

• Double-Ended 

Designed for driving the inputs to other MOS integrated circuits and devices, this version has its own MOS 
load resistor provided internally. It requires no additional external circuitry. 

Depending on the device organization chosen by the user, there are either three chip selects (1024 words by 4 bits) or 
four (512 words by 8 bits). 

Each bit of the chip select address may be programmed as a logic 1 , a logic 0, or a "don't care" (unused) input. 

logic definition 

Negative logic is assumed. 

a) Logic 1 = most negative voltage. 

b) Logic = most positive voltage. 

operation 

The TMS 4400 JC/NC series features static operation. No clocks are required. The output data will remain valid as long 
as the input address (including chip select) remains unchanged. 

— continued 
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operation (continued) 

"■"Access time" is defined as trie maximum time required for all outputs to reach the minimum logjc 1 leyeis or maximum 
logic levels with the correct data. This time is measured from that point in time at which all address inputs and chip- 
select inputs are valid. 

A disable input word on the chip-select input will cause the outputs to become open circuits on the "single-ended" 
(open-drain) type output buffer and will cause the outputs to go to Vqq on the double-ended (push-pull) type output 
buffer. 

The number of words per output is increased by hardwiring together the putputs of different devices. This means that if 
the 512x8 chip configuration is used, a memory system may be built using 16 TMS 4400 JC/NC devices for a 8192- 
words-of-8-bits memory without additipnal external logic. If the 1024 x 4 organization is chosen, eight TMS 4400 JC/NC 
devices may be hardwired without additional logic. When using the hardwired output technique, note that all devices 
should have single-ended buffers. Hardwiring outputs performs the AND function in negative logic. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vqq r^nge (See Note 1) -30 V to 0.3 V 

Supply voltage ^qq range (See Note 1 ) -30 V to 0.3 V 

Data input voltage ranges (See Note 1) -30 V to 0.3 V 

Operating free-air temperature rgnge —25 C to 85 C 

Storage temperature rangp . . —55 Cto150C 

NOTE 1 : These voltage values are with respect to Vgs (substrate). 



recommended operating conditions 



CHARACTERISTICS 


MiN 


NOM 


MAX 


UNITS 


Supply voltage Vqd 


-9 


-12 


-22 


V 


Supply voltage Vqq 


-18 


-24 


-29 


V 


Input, chip select logic 1 


-8 _ 


-12 


-22 


V 


Input, chip select logic 


-H0.3 





-3 


V 


Input piilse width 


550 






ns 



The design of the unit permits a broad range of operation that allows the user tp take advantage of readily available 
power supplies (e.g., -(-12 V, 0, -12 V). Larger power supplies (e.g., -f-14 V, -14 V) may be used. 



electrical characteristics (under nominal operating conditions at 25° C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


'out{0) Logical output current (Note 1) 


-12 V applied to output 


3 


7 




mA 


'out(l) Logical 1 output current (Note 1) 


-12 V applied to output 






10 


mA 


^out(l) Logical 1 output impedance (Note 2) 


V applied = Vdd "^ 3 




18 


25 


kn 


2out(0) Logical output Impedance (Note 3) 


V applied = Vss -3 




0.8 


1.1 


kfi 


Vout(l) Logical 1 output voltage (Note 2) 


Rl= 1 mn 


-10 






V 


Vout(O) Logical output voltage (Note 2) 


Rl = 1 nin 






-2.0 


V 



NOTES: 1. Open-drain buffer 

2. Double-endecj buffer 

3. Either open-drain or double-ended configuration 
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electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) — continued 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Pd Power dissipation (Note 2) 


All outputs at Logical 




250 




mW 


l|_ Input leakage current 


—12 V applied to input 






1 


mA 


Cjn Input capacitance 


Vjn = OV, f=1IVlHz 




10 




PF 


IDO Drain current (Note 2) 


All outputs = Logical 




20 




mA 


Iqg Gate current 






1.0 




mA 



NOTE 2; Double-ended buffer 



dynamic electrical characteristics (under nominal operating conditions and at 25° C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


tAI 


Access time TTL load (Notes 1 & 2) 


Vss = +12V, 
Vgg = -12V 


Vdd = ov, 




900 


1500 


ns 


tA2 


Access time TTL load (Notes 1 & 2) 


Vss = +12 V, 
Vgg = -12V 


Vdd = ov, 




700 


1300 


ns 


tAI 


Access time (Notes 2 & 3) 


Vqg = -24 V, 


Vdd = -12V 




1.5 


2.0 


MS 


tA2 


Access time (Notes 2 & 3) 


Vgg = -24 V, 


Vdd = -12V 




0.8 


1.6 


ps 



NOTES; 1. Open ended buffer 

2. See Switching Diagram 

3. Double-ended buffer Rl = 1 MO, C = 20 pF 



switching circuit and TTL interface 



+12 V 



-12 V 



SN7426 




INPUTS OR 
CHIP SELECT 



6.8 kU 



SN7400 



'SS 



'GG 



TMS 4400 JC/NC 



'DD 



X 



2.2 kn 

-• ^AAr 




1 

I 



10 pF" 



TTL 
OUTPUT 



-*-15pF'» 



• VALUE OF R DEPENDS ON SYSTEM SPEED AND POWER REQUIREMENTS. 

•• THE OUTPUT CAPACITANCES ARE NOT PART OF THE TTL INTERFACE. THEY ARE USEO IN THE SWITCHING 
CIRCUITS TO SIMULATE PARASITIC CAPACITANCE LOADING IN ACTUAL USE (BOARD, l,SlTERCONNECT, ETC.). 
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switching diagram (TTL load) 
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INPUT 

LOGIC 1 

OV 
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(OPEN-DRAIN BUFFER) 
OV 
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LOGIC 




^ Vss -8 V 


tA2 






\ 


7 






tAI 


_ +1.5 V 

\ 






— Vss -3 V 






^ 


7 
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^ 


Vss-io.ov^ 


/ 




—Vss -20 V 











Texas Instruments 

INCORPORATED 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 



14-191 



TMS 4400 JC, TMS 4400 NC 
4096-BIT STATIC READ-ONLY MEMORY 



mechanical data and pin configuration 

The device is available in both a 24-pin hermetically sealed ceramic dual-in-line package (TMS 4400 JC) and a 24-pin 
plastic package (TMS 4400 NC). These packages are designed for insertion in mounting-hole rows on 0.600-inch centers. 
(See MOS/LSI packaging section.) 

Depending on the organization of the memory, 2 pin configurations may be used: 







3 


24 


PIN NO. 

1 


512x8 

ll 


1024 X 4 

ll 




PIN NO. 

13 


512x8 

O4 


1024 X 4 


iC 


. u 


O2 


c 




3 




2 


lO 


IQ 




14 


O3 


Ol 






3 
3 




3 
4 


CS1 
CS2 


CS1 
CS2 




15 
16 


O2 
Ol 


NC 
NC 






5 


CSS 


CS3 




17 


vss 


Vss 


L 




3 




6 


CS4 


'9 




18 


'8 


'8 


^ 




3 




7 


Vgg 


Vgg 




19 


'7 


I7 


c 


TOP 


3 




8 


Vdd 


Vdd 




20 


i6 


i6 




VIEW 


3 
3 




g 

10 

11 


08 
O7 
06 


NC 
NC 

04 




21 
22 
23 


I5 
'4 
I3 


"5 
"4 
"3 


14 C 




3 


15 


12 


O5 
1 INPUT 


03 


NC 


24 I2 

NO CONNECTION 


'2 


















OUTPUT 




cs 


CHIP SELECT 





custom programmed devices 

The TMS 4400 JC/NC series is programmed at the gate-oxide stage of manufacturing. Programming charges are reduced 
to a minimum because only one mask per unique design need be created (gate-oxide-removal mask). All other proces- 
sing steps remain the same for all devices. Options available to the customer during programming are: 

• memory organization — 512 x 8 or 1024 x 4 

• memory contents 

• chip-select word 

• output buffer type 

The encoding of the gate mask is done by computer to provide a fast, error-free encoding process. 

input format 

Programming information for the TMS 4400 JC/NC will be transmitted to Tl in the form of a deck of 64 standard 80- 
column computer cards, accompanied by a listing of these cards. This method eliminates many chances for error and 
guarantees the fastest delivery schedule of ROMs. Upon receipt of each deck, a computer run will be made and a copy 
of the computer-generated truth table sent back to the customer. This copy should be checked carefully. If any errors 
are discovered, Tl must be notified immediately so that work can be stopped and the necessary adjustments made. 



Information on the various circuit options desired will be transmitted on a special form supplied by Tl. A copy of the 
form is included in this bulletin. 
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DATA CARD FORMAT 



Column No. 



1-2 Punch a right-justified integer for the card number (1-64). 

3-6 Punch the ZA identification number supplied by Tl MOS Marketing (4 numbers). 

7 Blank 

8-1 1 Punch a right-justified integer representing the binary input address for the first set of outputs described 

on the card. 

12 Blank 

13-16 Punch a right-justified integer representing the binary input address for the last set of outputs described 

on the card. 

17-80 Punch the desired output data for the range of addresses specified on the card — a "1" for a logical 1 and 

a "0" for a logical 0. 

Input addresses and output data are dependent upon the configuration. 

512 Word X 8-Bit Organization 

Each card will describe 8 sets of output data. The address words will be sequential from to 51 1 . The 
output data sets will each be 8 columns long and describe the outputs Oi, O2, O3, O4, O5, Oe, O7, and 
Os, in that order. 

1024 Word x 4-Bit Organization 

Each card will describe 16 sets of output data. The address words will be sequential from to 1023. 
The output data sets will each be 4 columns long and describe the outputs O1, O2, O3 and O4 in that 
order. 
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data cards 
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ZA Identification:. 

Customer 

Address 



TMS 4400 JC/NC CUSTOM CODING INFORMATION 



Date:. 



Customer Part Number:. 



Chip Organization 



512x8 □ (8) 



1024x4 □ (4) 



Chip Address 



512x8 



CS1 CS2 CSS CS4 

nnnn 

Pin Nos. 3 4 5 6 

NOTE: - Logical zero level (negative logic) 
1 — Logical one level (negative logic) 
X — Do not wish to use 



1024x4 



Pin Nos. 



CS1 CS2 CSS 

nnn 



Output Buffer Type 

Open Drain, TTL Compatible a (OD) 

Push-Pull, MOS Compatible □ (PP) 
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truth table, TMS 4401 JC/NC (sheet 1 of 4) 



)DRESS 


OUTPUTS 


ADDRESS 


OUTPUTS 


ADDRESS 


OUTPUTS 


ADDRESS 


OUTPUTS 


NO. 


1 


2 


3 


4 


NO. 


1 


2 


3 


4 


NO. 


I 


2 


3 


4 


NO. 


1 


2 


3 4 










1 




64 


1 








128 


1 


1 






192 


1 






1 







1 




65 











129 





1 






193 


b 






2 







1 




66 











130 





1 






194 









3 







1 




67 











131 





1 






195 









4 







1 




68 











132 





1 






196 









5 







1 




69 











133 





1 






197 









6 







1 




70 











134 





1 






198 









7 







1 




71 











135 





1 






199 









8 








1 




72 












136 












200 





b 




9 








1 




73 












137 












201 










10 








1 




74 












138 












202 










11 








1 




75 












139 












203 










12 








1 




76 












140 












204 


b 


b 




13 








1 




77 












141 












205 










14 








i 




7S 








1 




142 








J. 




206 








1 1 


15 





b 


1 




79 








1 




143 








1 




207 








J 1 


16 













§0 













144 













2b8 


b 


b 


d 1 


1? 













81 













145 













209 








1 


18 













82 













146 





b 







210 








1 


19 













83 













147 













211 








1 


20 













84 













148 








b 




212 





b 


1 


21 













85 













149 








p 




213 








1 


22 













86 





6 







150 













214 








b i 


23 













87 













151 













215 








1 


24 














88 














152 














216 











25 














89 














153 














217 











26 














90 














154 


b 





b 





218 











27 














91 














155 














219 





b 





28 














92 














156 








b 





220 











29 








b 





93 














157 














221 











30 


b 











94 














158 





b 








222 











31 














95 














159 














223 











32 














96 











b 


160 














224 











33 














97 














161 














225 











34 














98 














162 














226 











35 














99 














163 














227 











36 














100 














l64 














228 











37 














101 














165 














229 








b 


38 














102 














166 














230 











39 














103 














167 














231 











40 













104 













168 













232 








1 


41 













105 













169 













233 








1 


42 


b 










106 













170 













234 








1 


43 








b 




107 













171 













235 








1 


44 













108 













172 













236 





b 


b 1 


45 













109 













173 













237 








1 


46 













110 













174 













238 








b 1 


47 













111 













175 













239 








1 


48 












112 












176 





6 






240 










49 












113 












177 












241 










50 












114 












178 












242 










51 





b 






115 












179 












243 










52 












116 












180 












244 










53 












117 












181 












245 










54 












118 












182 












246 










55 












119 












183 












247 










56 











120 











184 











248 









57 











121 











185 











249 









58 











122 











186 











250 









59 











123 











187 











251 









60 











124 











188 











252 









61 











125 











189 











253 









62 











126 











190 











254 









63 


1 








127 


1 








191 


1 








255 


1 
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truth table, TMS 4401 JC/NC (sheet 2 of 4) 



ADDRESS 


OUTPUTS 


ADDRESS 


OUTPUTS 


ADDRESS 


OUTPUTS 


ADDRESS 


OUTPUTS 


NO. 


1 


2 


-3 


4 


NO. 


1 


2 


3 


4 


NO. 


1 


2 


3 


4 


NO. 


1 


2 


3 4 


256 


1 








320 


1 








384 


1 








448 


1 






257 


1 








321 


1 








385 


1 








449 


1 






258 











322 











386 


1 








450 


1 






259 











323 











387 


1 








451 


1 






260 











324 











388 











452 









261 











325 











389 











453 









262 











326 











390 











454 









263 











327 











391 











455 









264 











328 











392 











456 









265 











329 











393 











457 









266 











330 











393 











458 









267 











331 











394 











459 









268 












332 












395 











460 










269 












333 












396 












461 










270 












334 












397 












462 










271 












335 












398 












463 










272 












336 












399 












464 










273 












337 












400 












465 










274 












338 












401 












466 










275 












339 













402 












467 










276 













340 













403 












468 








1 


277 













341 













404 













469 








1 


278 













342 


b 










405 













470 








1 


279 













343 













406 













471 








1 


280 













344 













407 













472 








1 


281 













345 













408 













473 








1 


282 













346 













409 













474 








1 


283 













347 













410 













475 








1 


284 














348 














411 













476 











285 














349 














412 














477 











286 














350 














413 














478 











287 














351 














414 














479 











288 














352 














415 














480 











289 














353 














416 














481 











290 














354 














417 














482 











291 














355 





d 








418 














483 











292 













356 













419 














484 








1 


293 













357 





b 


6 




420 













485 








1 


294 













358 













421 













486 








1 


295 













359 













422 













487 








1 


296 













360 













423 













488 








1 


297 













361 













424 













489 








1 


298 













362 













425 













490 








1 


299 













363 













426 













491 








1 


300 












364 












427 













492 










301 












365 












428 












493 










302 












366 












429 


b 









494 










303 












367 












430 












495 










304 












368 












431 





b 






496 










305 












369 












432 












497 










306 












370 












433 












498 










307 












371 












434 












499 










308 











372 











435 












500 









309 











373 











436 











501 









310 











374 











437 


a 








502 









311 











375 











438 


b 








503 









312 











376 











439 











504 









313 











377 











440 











505 









314 











378 











441 











506 









315 











379 











442 











507 









316 











380 











443 











508 


1 






317 











381 











444 


1 








509 


1 






318 


1 








382 


1 








445 


1 








510 


1 






319 


1 








383 


1 








446 


1 








511 


1 
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truth table, TMS 4401 JC/NC {sheet 3 of 4) 



DDRESS 


OUTPUTS 


ADDRESS 


OUTPUTS 


ADDRESS 


OUTPUTS 


ADDRESS 


OUTPUTS 


NO. 


1 


2 


3 4 


NO. 


1 


2 


3 


4 


NO. 


1 


2 


3 


4 


NO. 


1 


2 


3 4 


512 








576 










640 










704 








513 








577 










641 










705 








514 








578 










642 










706 








515 








579 










643 










707 








516 








580 










644 










708 








517 








581 










645 










709 








518 








582 










646 










710 








519 








583 










647 










711 








520 









584 











648 











712 









521 









585 











649 











713 









522 









586 











650 











714 









523 









587 











651 


b 








715 









524 








5SS 











652 











716 









525 









589 











653 











717 









526 









590 











654 











718 









527 









591 











655 











719 









528 








1 ] 


592 











656 












720 










529 










593 












657 





6 






721 










530 










594 












658 












722 










531 










595 












659 












723 










532 










I 596 












660 












724 










533 










I 597 












661 












725 










534 










598 












662 












726 










535 










599 












663 












727 










536 











600 













664 













728 








1 


537 








] 


601 













665 













729 








1 


538 








] 


602 













666 













730 








1 


539 








: 


603 













667 













731 








1 


540 











604 













668 













732 








1 


541 








] 


605 













669 













733 








1 


542 








] 


606 













670 














734 











543 











607 













671 














735. 











544 








J 


608 













672 














736 











545 











609 













673 














737 











546 











L 610 













674 













738 








1 


547 











611 













675 













739 








1 


548 











1 612 













676 













740 








1 


549 











I 613 













677 













741 








1 


550 











1 614 













678 













742 








1 


551 











I 615 













679 













743 








1 


552 










I 616 












680 












744 










553 










I 617 












681 












745 










554 










I 618 












682 












746 










555 










I 619 












683 












747 










556 










L 620 












684 












748 










557 










1 621 












685 












749 










558 










I 622 












686 












750 










559 










I 623 












687 












751 










560 









1 624 











688 











752 









561 









L 625 











689 











753 









562 









I 626 











690 











754 









563 









I 627 











691 











755 









564 









L 628 











692 











756 









565 









I 629 











693 











757 









566 









I 630 











694 











758 









567 









I 631 











695 











759 









568 








1 632 










696 










760 








569 








1 633 










697 










761 








570 








1 634 










698 










762 








571 








I 635 










699 










763 








572 








1 636 










700 










764 








573 








I 637 










701 










765 








574 








I 638 










702 










766 








575 








639 










703 










767 
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truth table, TMS 4401 JC/NC (sheet 4 of 4) 



ADDRESS 


OUTPUTS ADDRESS 


OUTPUTS ADDRESS 


OUTPUTS ADDRESS 


OUTPUTS 


NO. 


1 


2 


3 


4 NO. 


1 


2 


3 


4 NO. 


1 


2 


3 


4 NO. 


1 


2 


3 4 


768 


1 






1 832 


1 






1 896 


1 






1 960 


1 






769 


1 






I 833 


1 






1 897 


1 






1 961 


1 






770 


1 






1 834 


1 






1 898 


1 






1 962 


1 






771 


1 






1 835 









1 899 


1 






1 963 


1 






772 









1 836 









I 900 









1 964 









773 









1 837 









I 901 









I 965 









774 









I 838 









1 902 









L 966 









775 









1 839 









I 903 









1 967 









776 









1 840 









I 904 









L 968 









777 









1 841 









I 905 









I 969 









778 









1 842 









I 906 









I 970 









779 









I 843 









1 907 









I 971 









780 










I 844 










I 908 










I 972 










781 










I 845 










I 909 










L 973 










782 










I 846 










L 910 










L 974 










783 










I 847 










I 911 










975 










784 










L 848 










I 912 










1 976 










785 










I 849 










I 913 










977 










786 










I 850 










I 914 










978 










787 










I 851 










I 915 










979 










788 











I 852 











916 











L 980 








1 


789 











I 853 








] 


917 








] 


981 








1 


790 











I 854 








] 


918 











1 982 








1 


791 











I 855 











I 919 








] 


983 








1 


792 











I 856 








] 


920 








] 


984 








1 


793 








] 


I 857 








] 


921 








: 


985 








1 


794 











I 858 








] 


922 








] 


986 








1 


795 











L 859 








] 


923 








] 


987 








1 


796 








( 


> 860 








c 


) 924 








988 
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CSl = 1 CS2 =1 CS3 = 1 push-pull outputs 
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Programmable logic arrays represent an economical and efficient method to implement random logic 
using programmable techniques. "Random Logic" means a logic circuit that is not strongly structured, as 
opposed to circuits such as shift registers, read-only memories, etc. When a random-logic circuit is 
implemented in MOS, a large part of the chip area is used for interconnection between the cells, as can be 
seen from the pictures below. This area is essentially wasted. 

Random-Logic Chip Shift-Register Chip 




INACTIVE 
AREAS 
(METAL 
INTERCONNECT) 



^~r>,^r^rJ^^= v-h ^' n 



1) Some Economics 

A customer who wants to build a random-logic circuit can choose any of three approaches: bipolar, 
relatively low-complexity integrated circuits; a custom MOS circuit; a programmable MOS circuit (such as a 
read-only memory or a PLA). 

A custom MOS circuit will be designed from scratch. The customer's logic will be implemented on a 
piece of silicon. Tl will reduce the size of the chip as much as possible, but there will still be a large inactive 
area for interconnections. With the programmable approach, Tl starts with a circuit that is already designed. 
In order to program the device, only one photomask is modified and this is accomplished easily and 
economically. 

2) PLA Structure 

The PLA structure is extremely simple. Any logic equation can be written as a sum of products or as a 
product of sums, and that is exactly what has been implemented on the array. 
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The logic expression is written as a sum of products: 

• A first programmable matrix generates the products terms (AND matrix) 

• A second programmable matrix generates the sum of products (OR matrix) 

• Flip-flops are used in feedback loops to permit implementation of sequential logic. 



1 
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'DD 
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a) AND Matrix 

The role of the AND matrix is to form the product terms of the input terms, and their complements. 

The number of product terms has been arrived at by heuristic methods. We have set a limit of 
60 product terms for the TMS 2000 JC, and 72 for the TMS 2200 JC. 
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PLA 'AND' MATRIX 



LOGIC EQUIVALENT OF 
PLA 'AND' MATRIX 
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b) OR Matrix (Sum of Products) 



PLA 'OR' MATRIX 
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LOGIC EQUIVALENT OF 
PLA 'OR' MATRIX 
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The AND matrix feeds into the OR matrix. The OR matrix generates sums of product terms. Some of 
the outputs of the OR matrix are fed to the outside while others are fed back to the first matrix (AND) 
through flip-flops. 

Both matrices are programmable. A product term can be of as many of the inputs and their 
complements as the designer wants. By this same token a sum of product terms can be of as many of the 
products as the designer wishes. 

LOGIC EQUIVALENT OF PLA ORGANIZATION 



I, o-# 



12O— ♦ 




o— ♦ 



4> 



o— • 
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\J 






(A^) • (C • D) 



(A • B) + (C • D) 



c) Feedback Loops, Fllp-Flops 

In order to implement sequential logic, feedback loops are necessary. These feedback loops must be 
timed. If we fed back directly the outputs of this second matrix (OR matrix) to the inputs of the first 
matrix (AND), a race condition could develop. We use one JK master-slave flip-flop per feedback loop to 
take care of this timing. We are able to reset all these flip-flops to initialize the logic. The designer is free to 
choose which and how many outputs are fed back to the first matrix. 



3) PLA versus ROM 

A PLA is actually a big Read Only Memory with a non-exhaustive decode section that has been 
adapted to the implementation of random logic. How does a PLA differ from a ROM and what are the 
advantages? 
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a) Combinational Logic 

Combinational logic is easily implemented on a read-only memory. The truth table is written in such a 
way that the outputs are logic functions of the inputs. 



a O- 




x = 




b O 




O v = 


f (a, b, c.d) 


c 


ROM 


z = 




d o 










The main drawback to this scheme is that every time an input variable Is added, the size of the ROM is 
doubled. This is because the decode scheme of the read-only memory is exhaustive. All the product terms 
are generated, and that soon becomes prohibitive. To do what our PLA TMS 2000 JC does through straight 
read-only-memory techniques would take 2^5 words {17 external inputs and 8 inputs from the flip-flops), 
that is 8,288,608 words of 26 bits (18 external outputs and 8 feedback loops) - or a total capacity of 
218,103,808 bits which is a ludicrous size for any read-only memory. 

In a PLA all the product terms are not generated. Tl has set the limit at 60 product terms for the 
TMS 2000 JC and to 72 for the TMS 2200 JC. These numbers have been arrived at through heuristic 
methods and have proven to be sufficiently large. It is not often that an equation is presented with 
60 terms, each one being a product of up to 25 variables. 

b) Sequential Logic 

To perform sequential logic with a read-only memory, the outputs must be fed back to the inputs 
through a gating arrangement. 

This is comparatively easy to do but has drawbacks: 

• For each feedback loop two package pins are wasted. 

• The gating arrangement has to be provided. 

• Initialization of the logic is difficult. 

In the PLAs the feedback loops are never brought outside, which saves a number of pins. The initialization 
is easy because JK flip-flops are used. 
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ROM CONNECTED TO PERFORM SEQUENTIAL LOGIC 



MOS GATING 

Q 




4) Catalog PLAs 

Tl presently markets two catalog PLAs: 

TMS 2000 JO 
40 pins 

17 external inputs 

18 outputs 
8 flip-flops 

60 product terms 



TMS 2200 JC 
28 pins 

13 external inputs 
10 outputs 
10 flip-flops 
72 product terms 



These devices are produced using silicon nitride technology, which permits easy interface with TTL/DTL. 
5) Design Considerations 

a) Logic Design 

Logic design with PLAs is easy. With the PLA approach the designer writes down the logic equations 
of each of the outputs in terms of the external inputs and feedback ihputs. 

Once this is done the programming of the matrices is handled by a computer program. A SOFTWARE 
PACKAGE bulletin describes in detail the mechanical aspects of the operation. 

b) Design Efficiency 

The PLA is an extremely powerful tool. The designer must be careful to use as fully as possible the 
capability of the PLAs. To help him do that Tl has published a SOFTWARE PACKAGE bulletin and 
application report which includes design considerations. The PLA technique is extremely efficient from a 
silicon real-estate point of view. 
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featu 



es 



Low-threshold MOS/bipolar technology 

Static operation 

Push-pull or single-ended output buffers 

Optional internal MOS pull-up resistor on inputs 

TTL compatible 

CD IP or plastic package 



description 



The prc^rammabie logic array (PLA) is a device that is programmable by gate-oxide mask. It is used to perform sequen- 
tial and combinational logic. 

The TMS 2000 JC/MC and TMS 2200 JC/NC series are groups of programmable logic arrays manufactured using P- 
channel enhancement-mode low-threshold MOS and NPN bipolar techniques. 

A PLA is a unique combination of master-slave JK flip-flops and static read-only memories on a single ^OS/LSI chip. 
The pVogrammable logic arrays have been designed to permit the implementation of custom random log.c w.th the same 
Lw cost nd q ' k turnaround provided by a read-only memory. Sequential and combinational log-c may be .mplemen- 
te^intpLA The logic is descried in the form of Boolean equations, whichare converted by Tl software routmes .nto 
the gate-oxide mask. 

in the TMS 2000 JC/NC seventeen externa! inputs and the eight flip-flop outputs are combined by a P-'f "^"/^ 9;"^"" 
or into 60 product terms. These are then combined by a sum -of -product-terms generator .nto 16 Imes for th 8J and 
SKinputsto theSJK master-slave flip-flops and into 18 external outputs. The fhp-flop operat.on ,s controlled by a 
common reset input and a single clock. 

In the TMS 2200 JC/NC thirteen external inputs and the ten flip-flop outputs are combined t-V a Pn=Nd"ct term genera- 
tor into 72 proouct terms. These are then combined by a sum-of-product4erms generator mto 20 lines for the 10 J 
and 10 K input; .o the 10 JK master-slave flip-flops and into 10 external outputs. The flip-flopoperat.on ,s controlled 
by a common reset input and a single clock. 

The device inputs ^ave optional internal pull-up resistors for easy interface. The output b'^ffe^^.*";7°^-^« bipolar NPN 
transistors anS either push-pull orA>pen-ended buffers may be chosen. These features fac.htate mterfac.ng the PLAs m 
TTL systems. 

The PLAs are designated TMS 2000 JC and TMS 2200 JC when mounted in hermetically sealed ceramic dual-in-line 
packages. In dual-in-line plastic packages the units are numbered TMS 2000 NC and TMS 2200 NC. 



organization 



Number of product terms 
Ni mber of external inputs 
Number of external outputs 
Nunr ber of JK flip-flops 



TMS 2000 JC/NC 


TMS 2200 JC/NC 


60 


72 


17 


13 


18 


10 


8 


10 
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functional diagram of a programmable logic array (TMS 2000 JC/NC) 
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operation 

1) Input 

The present external inputs and the previous flip-flop outputs control the state of the internal flip-flops. 

2) Internal 

Data is entered into the master flip-flop during the positive edge of the clock inputs, while the slave flip-flop is 
set during the negative edge. 

The flip-flops may be reset at any time by applying a low voltage on the reset input. However, if the reset input is 
taken high while the clock is high, an indeterminate flip-flop state may result. 

3) Output 

The external outputs can be a function of the present inputs or the present flip-flop outputs, or a function of 
both. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vdd range (See note) -15 V to 0.3 V 

Supply voltage Vqg range (See note) -25 V to 0.3 V 

Clock and data input voltage ranges (See note) -15 V to 0.3 V 

Operating free-air temperature range — 25°C to 85°C 

Storage temperature range -55°Cto150°C 

Power dissipation 300 mW 

NOTE: These voltage values are with respect to Vg3. 

logic definition 

Positive logic is assumed. 

a) Logic 1 = most positive voitage 

b) Logic = most negative voltage 

recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage Vqd 


-4.7 


-10 


-11 


V 


Supply voltage Vqq 


-15 


-17 


-18.5 


V 


Vin(O) ^'^^ internal resistor (TTL) 


-4 


-5 


-5.25 


V 


Vjnd) with internal resistor (TTL) 





-5 


-1.5 


V 


Vin(O) without internal resistor (MOS) 


-4 


-5 


-11 


V 


Vjn(1) without internal resistor (MOS) 


+0.3 


-0.5 


-1.5 


V 



NOTE : All voltages are with respect to Vss- 



The design of the unit permits a broad range of operations that allows the user to take advantage of readily available 
power supplies (e.g., +5 V, -5 V, -12 V). 



electrical characteristics at nominal operating conditions and 25° C 



PARAMETER 


TEST CONDITIONS^ 


MIN 


NOM 


MAX 


UNITS 


^out(l) Logical 1 output voltage 


Rl = 10 kn to Vqd (See Note 1) 





-0.7 


-1.0 


V 


^out(O) Logical output voltage 


Rl = 10 kn to Vss (See Note 1 ) 


-8 


-9 


-10 


V 


^outd) Logical! output voltage 


RL = 6.8knto Vqg (Note 2) 





-1.0 


-1.5 


V 


^out(O) Logical output voltage 


RL = 6.8kn to Vqg (Note 1) 


-10 


-11 


-17 


V 


'in(O) Input leakage current 


V|N = -10V (See Note 3) 






-1.0 


mA 


'in(O) W'^h internal resistor (TTL) 




-0.8 


-0.9 


-1.1 


mA 


Ijnd) With internal resistor (TTL) 







-40 


-125 


mA 



■f Unless otherwise noted, Rl = 10 kfl to Vgs- 

NOTES: 1. Push-pull output buffers used 

2. Single-ended output buffer used 

3. Optional input resistors not used 



— continued 
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electrical characteristics at nominal operating conditions and 25^C (continued) 



PARAMETER 


TEST CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


Rjn Input impedance 


V|N =0Vto-10 V(Note4) 


5 


7 


12 


kn 


Cjn Input Capacitance 


V||vj=0, f=1MHz 




3 


5 


PF 


Iqd Supply current into Vqo terminal 






18 


25 


mA 


Iqg Supply current into Vqq terminal 






1.0 


4.0 


mA 


IqG Supply current into Vqq terminal 


(See Note 5) 




15 


20 


mA 



NOTES: 4. Optional input resistors used 
5. All outputs at logic 1 



switching characteristics at nominal operating conditions and 25°C (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


tp(data) 


Width of data pulse 


CL = 30pF, 


Rl=i Mn 


2.0 






MS 


tp(clock) 


Width of clock pulse 


Cl = 30 pF, 


Rl= 1 Mn 


0.5 






flS 


tp( reset) 


Width of reset pulse 


CL = 30pF, 


Rl= 1 Mn 


0.5 






MS 


f 


Clock repetition rate 


Cl = 30pF, 


Rl= 1 Mn 







200 


kHz 


tdi 


Propagation delay time from input to 
output with no clock 


Cl = 30 pF, 


Rl= 1 Mi? 


0.9 


1.1 


1.4(25°C) 
1.9(85°C) 


MS 
MS 


tdr 


Propagation delay time from reset 
input to a change in external output 


Cl = 30 pF, 


Rl= 1 Mn 




1.1 


1.4(25°C) 
1.9(85°C) 


MS 
MS 


tdf 


Propagation delay time from clock 
input to a change in external output 


Ct. = 30pF, 


Rl=i Mn 


0.9 


1.1 


1.4(25°C) 
2.1 (85°C) 


MS 
MS 


tdb 


Delay time required between data 
input and positive edge of clock 


Cl = 30 pF, 


Rl=i Mn 


1.9 






MS 


tda 


Input hold time after negative edge 
of clock 


C =30pF, 


Rl= 1 Mn 


0.1 






MS 


tor 


Output rise time (single-ended output) 


6.8 kn to Vqq 


20 


60 


200 


ns 


tof 


Output fall time (single-ended output) 


6.8 kn to Vqg 


100 


250 


360 


ns 


tor 


Output rise time (push-pull output) 


CL = 30pF, 


Rl= 1 Mn 


20 


60 


200 


ns 


tof 


Output fall time (push-pull output) 


Cl = 30 pF, 


Rl= 1 Mn 


100 


200 


300 


ns 



timing diagram 
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RESET INPUT 
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DATA OUTPUT 
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voltage waveforms 



DATA INPUT 




^p(data) 



tdb 



CLOCK INPUT 

RESET INPUT .^ preset 



''p(clock 




DATA OUTPUT i 



Jul! 



^f ».! 



tof — H I-*— tor I 

NOTE: TIMES ARE MEASURED AT 10% AND 90% POINTS OF THE APPROPRIATE MOS OR TTL LOGIC LEVELS. 



pin configuration - TMS 2000 JC/NC 

"TMS 2000 JC" is the part number for a unit mounted in a 40-pin hermetically sealed dual-in-line package. Mounted in 
a 40-pin dual-irHine plastic package, the unit is designated TMS 2000 NC. 
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PIN NO. 


FUNCTION 


PIN NO. FUNCTION 


PIN NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


Vdd 


11 


O10 


21 


RESET 


31 


'io 


2 


Oi 


12 


Oil 


22 


h 


32 


hi 


3 


02 


13 


O12 


23 


l2 


33 


'12 


4 


03 


14 


Ol3 


24 


'3 


34 


'13 


5 


04 


15 


Oi4 


25 


'4 


35 


'14 


6 


05 


16 


Ol5 


26 


'5 


36 


'15 


7 


oe 


17 


O16 


27 


"6 


37 


'16 


8 


07 


18 


Ol7 


28 


"7 


38 


'17 


9 


Os 


19 


O18 


29 


'8 


39 


CLOCK 


10 


O9 


20 


vss 


30 


'9 


40 


vgg 
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mechanical data and pin configuration — TMS 2200 JC/NC 

"TMS 2200 JC" is the part number for this device mounted in a 28-pin hermvJcally sealed ceramic dual-in-line package. 
Mounted in a 28-pin dual-in-line plastic package, the unit is designated TMS 2200 NC. The packages are designed for in- 
sertion in mounting-hole rows on 0.600-inch centers. (See MOS/LSI packaging section.) 
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FUNCTION 


PIN NO. 


FUNCTION 


PIN NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


Vdd 


8 


06 


15 


h 


22 


l8 


2 


vgg 


9 


O7 


16 


I2 


23 


'9 


3 


Ol 


10 


08 


17 


13 


24 


ho 


4 


02 


11 


O9 


18 


I4 


25 


111 


5 


O3 


12 


O10 


19 


'5 


26 


'12 


6 


O4 


13 


vss 


20 


l6 


2-7 


"13 


7 


O5 


14 


RESET 


21 


'7 


-• 


CLOCK 



interfacing 



a) To TTL system 

Each external input of the PLA has an optional internal MOS pull-up resistor available for interfacing with TTL. 
With Vss at +5 volts, this internal resistor serves to pull up a logic 1 from the TTL specified level of 2.4 V to VsS- 

The output buffer may be chosen at its programming stage as either push-pull or open-ended. To interface with TTL 
systems or when the wired-OR capability is required, the open-ended buffer would be used with an external resistor. 

INTERFACE CIRCUITS WITH TTL SYSTEMS 
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interfacing (continued) 

b) Tp IVjOS systems 

For input interfacing from other MOS devices, the internal pull-up resistors are not required. 

The output buffer is selected as a push-pull type to provide a high-capacitive drive without the need of an external 
resistor. 



INTERFACING WITHIN MOS SYSTEMS 




custom programming 

The logic functions performed by the PLA are controlled by programming or coding the product-terms-generator matrix 
and the sum-of-product-terms-generator matrix. 

The number of different product terms is limited to 60 (TMS 2p00 JC/NC) or 72 (TMS 2200 JC/NC). 

The logic equations define the sum of product terms. There will be one equation for each output and for each flip-flop 
input. A computer program is used to implement the Jogjc equations on the chip. 

Complete information on programming Texas Instruments MOS/LSI programmable logic arrays is contained in a PLA 
SOFTWARE PACKAGE available from the Tl field sales Office. 
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RANDOM-ACCESS MEMORIES 



The rapid evolution of MOS technology has resulted in MOS memories that are competitive in cost 
with core memories and superior in performance. From 256 to 2000 bits, and for static or dynamic 
operation, MOS memories can be used for applications covering the entire spectrum of data handling 
systems from scratch-pad to computer main-frame memories. 

1} Characteristics 

MOS RAMs are ideally suited for those applications requiring high speeds and low power dissipation. 
They can replace core memories used for scratch pads or for computers, while offering faster access times 
and a simpler drive circuitry. Their low access times make them attractive in applications where other 
semiconductor memories were considered, but found unsatisfactory for reasons of cost, power dissipation, 
or package count. For small systems, fully-decoded memories are easier to use. However, the speed of a 
fully decoded random-access memory is less than the speed of an off-the-chip bipolar decode X-Y select 
memory. 

Random-access memories presently on the market are either static or dynamic. 

• STATIC — An MOS flip-flop is used to store the inforrnation. Clocks are not needed. The 
data will stay in storage as long as the power is maintained. 

• DYNAMIC — MOS capacitors are used as data storage elements. Data must be refreshed to 
assure integrity. 

Random-access memories can also be defined as: 

• Fully-Decodecj Memories — A binary address determines the location in which the Write or 
Read operatiop is performed. 



• 



Two-Dimensional Decode - The address of the word is given by an X-Y select. 
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2) Features 



Whatever type of MOS RAM is considered, the following features are inherent: 

• Nondestructuve Read out — In an MOS RAM the reading of information does not affect the 
content stored. So it is not necessary to perform a Write after every Read operation as is 
normal for magnetic memories. This is why the important parameter in an MOS memory is 
the access time rather than cycle time. 

• Speed — Speeds of 150 ns with separate decoding, or 300 ns with decoding on the chip are 
typical. 

• Power Dissipation — Power dissipation is typically less than 1 -tenth mW per bit. 

• Flexibility — MOS memories are available in much smaller sizes than the equivalent core 
memories. The memory configuration is very flexible and can be altered without 
appreciably increasing the basic price. 
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• Environmental Characteristics (temperature range, mechanical, etc.) — Semiconductors are 
able to work in much more rugged environment than cores with much greater reliability. 

• Cost — MOS memories are already more economical than magnetic memory cores for small- 
and medium-size systems. Mass assembly techniques, such as beam-lead MOS devices are 
being used to manufacture MOS memory systems and to further reduce the cost. 

3) Tl Devices 

Tl produces seven MOS RAM memory elements: 

TMS 1 101 NC - 256-bit static RAM with decode 

TMS 4003 JR/NC — 256-bit high-speed random-access memory (with separate decode) 

TMS 1 103 NC - 1024-bit dynamic RAM with decode 

TMS 4020 NC - 2048-bit dynamic RAM, high-speed, two external clocks 

TMS 4023 NC - 1024-bit dynamic RAM, medium-speed, low cost 

TMS 4025 NC - 2048-bit dynamic RAM, high-speed, low power 

TMS 4000 JC/NC - 128-bit content addressable (associative) memory 

TMS 4003 JO - 256-bit high-speed random-access memory 

The TMS 4003 JC/NC is a direct-address memory, having 16 X-address and 16 Y-address lines. Any 
one of the 256 bits in the memory can be selected by driving one X- and one Y-address line in coincidence. 
Sensing the logical state of the selected bit is achieved by differentially observing two outputs, Dq and D-|, 
digit lines. The same digit lines are used to write information into an addressed bit. A block diagram of the 
TMS 4003 is shown on the following page. 
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DESCRIPTIVE BLOCK DIAGRAM OF THE TMS 4003 MOS RAM 
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TO READ/WRITE CIRCUITRY 



No clock signals are required to operate the TMS 4003 JC/NC or to retain information. Such a design 
is referred to as static as distinguished from dynamic which requires the continuous application of single or 
multiple clock signals to function properly. 

The memory organization of the TMS 4003 JC/NC is referred to as 256-words-by-1-bit, because an 
address can only select one bit at a time. Larger memory systems can be constructed using this 255 X 1 
memory as a basic cell. 

Paralleling address lines can increase word size. For example, if eight memories were connected by 
tying their respective X- and Y-address lines together, a 256-word by 8-bit memory would be formed. A 
single X-Y address applied to this system would produce eight separate digital outputs. 

The number of words can be increased by paralleling digit lines. For instance, to make a 1024-word by 
1-bit memory plane, four 256 X 1 memories are used, resulting in 32 X-address and 32 Y-address lines and a 
single output consisting of two digit lines. 
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Memory planes like the one described can be paralleled In the same manner as individual memories. If 
eight 1024 X 1 planes, for example, had their corresponding X- and Y-address lines connected together, a 
1024 X 8 memory system would result. A total of 32 TMS 4003 JC/NC MOS RAMs would be necessary for 
such a system. Even larger systems are possible, the ultimate size being limited by the drive capabilities of 
the external address and write circuitry. 



TMS 1 101 NC — 256-bit random-access memory with decode 

The TMS 1 101 NC is a 256-bit fully decoded static random-access memory. Any one of the 256 bits in 
the memory can be selected by properly addressing the eight address lines. Allinputs and outputs of 
TMS 1101 NC, including addresses and control logics, are fully TTL/DTL compatible; this will minimize 
interface problems in system designs. 

The TMS 1 101 NC is a full static circuit; no clock signals are required in operating the circuit. 

A chip-select control provided by the TMS 1101 NC allows several circuits to bewired-OR together, 
which makes the expanded organization of the memory a very simple operation. 

The TMS 1101 NC can be considered to have a 251-words-by-1-bit organization. To expand the bit 
length of a word from 1 bit to n bits, it is only necessary to connect all address lines and control logics of 
n circuits in parallel. To increase the word size from 256 words to as many as m times 256 words, a decoder 
must be provided to select one out of m circuits which are all wired-OR together. Chip select controls of 
the circuits provide the means for the above expansion. A memory size of 1 K words X 1 bit using 
TMS 1 101 NC is illustrated in the following block diagram. 
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To expand the 1 K-X-1 memory into 1 K X 4, the 2-bit decode can be shared by the four 1 K planes as 
shown: 
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ORGANIZATION OF 4K-X-4 MEMORY USING TMS 1101 NC 



14-218 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



RANDOM-ACCESS MEMORIES 



By the same approach, memory size of any word length and bit length can be organized easily using 
TMS1101NC. 

There are several common factors In the following circuits: 

• TMS 1 1 03 NC - 1 024-bit dynamic RAM 

• TMS 4020 NC - 2048-bit dynamic RAM 

• TMS 4023 NC- 1024-bit dynamic RAM 

• TMS 4025 NC - 2048-bit dynamic RAM 

For example, they are all dynamic; all provide an output sense current. However, there are also many 
characteristics which distinguish one circuit from the other. The table below lists key parameters of each 
memory circuit. 

RAM Key Parameters 



PARAMETER 


UNITS 


TMS 1103 NC 


TMS 4020 NC 


TMS 4023 NC 


TMS 4025 NC 


Total Bits 


Bits 


1024 


2048 


1024 


2048 


Organization 


Bits 


1024 X 1 


1024X2 


1024 X 1 


1024X2 


Access Time (min) 


ns 


300 


320 


650 


280 


Cycle Time (min) 


ns 


580 


640 


900 


640 


Power per bit at minimum 


mW/bit 


0.3 


0.15 


0.08 


0.07 


cycle time and 25°C 












Sense Current (min) 


mA 


0.6 


1.2 


1.0 


1.2 


Process 




Si-Gate 


S-A Gate 


Nitride 


S-A Gate 


Refresh Period 


JUS 


2 


2 


2 


2 


Read Cycle/Refresh Period 




32 


16 


32 


16 


Chip Select/1 K bit 




1 


2 


1 


1 


Package 




18-pin PDIP 


24-pin PDIP 


24-pin PDIP 


24-pin PDIP 



All dynamic memory cells use MOS capacitance and PN junction capacitance (parasitic) as temporary 
charge storage elements. However, due to the leakage property of PN junctions, charges stored in the 
capacitances must be restored periodically to assure the integrity of the information. This refreshing rate is 
temperature dependent, and must be performed once every two /xs at 70°C. At room temperature the 
refreshing rate can be once every 50 us. 
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In the dynamic RAM circuits, a refreshing operation is always performed during a Read cycle. The 
minimum number of Read cycles that must be performed in each refreshing period is dependent upon the 
organization of memory arrays. By considering the digit lines as a memory matrix or columns, and the Read 
or Write select lines as rows, all cells in the row selected during a Read cycle will be refreshed. Therefore, 
the minimum number of Read cycles required in each refresh period is the same as the number of rows in 
the memory matrix. For example, TMS 1103 NC is organized 32 rows X 32 columns; 32 Read cycles are 
required in each refresh cycle. TMS 4025 NC is organized 16 rows X 64 columns; therefore only 16 Read 
cycles are required. 

All the dynamic RAMs (TMS 1 103 NC, TMS 4020 NC, TMS 4023 NC, and TMS 4025 NC) have one 
or more chip-select controls; therefore, expansion of memory organization into any size can be achieved 
easily as shown in the preceding paragraphs on TMS 1 101 NC. 

The concept of a content-addressable memory has been around for many years but because of cost has 
not previously been practical. However, the performance and economics of MOS integrated circuits now 
make the concept highly desirable from both technical and cost standpoints. MOS integrated-circuit 
technology has finally made practical the content-addressable memory. 
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A content-addressable memory (CAM) is a cell In which the words contained can all be matched 
simultaneously against an argument word, and outputs given wherever a true match is obtained. Each word 
has a Write input which can also be used to interrogate that word for a match. Two bit lines run through 
each column of cells allowing the word data to be written in. They may also be used for reading the 
contents of a word or for masking parts of the argument word where a "Don't Care" state exists. 

In the basic CAM cell transistors, Q-], Q2, Qg and Q-iq compose a flip-flop for data storage. Q7 and Q3 
are selection transistors which, when turned On by the application of a negative voltage to the W line, 
connect the flip-flop nodes to the Bq and B-] bit lines. When the W line is at a 0, Q7 and Qg are Off, 
isolating the flip-flop from the bit lines. Transistors Q3, Q4, Q5, Qg and Q^ -| perform the Interrogate logic. 
For this mode each W line is grounded through a small resistor and Q^i is turned On. Transistors Q3, Q4, 
Qc and Qg compare the state of the memory cell flip-flop with the voltages externally applied to the bit 
lines. Thus the Word lines are controls for Write and Read operations but outputs for the Interrogate 
operation. The bit lines are inputs for Write and Interrogate, but outputs for Read. 
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TMS not JC. TMS 1101 NC 
256-BIT RANDOM-ACCESS MEMORY 



featu 



es 



Low power dissipation 

600-n$ec access time (typ), 750 nsec (max) 

Direct DTL and TTL compa'dbility 

Wire-OR capability 

Fully decoded on chip 

Inputs fully protected 

X^ta Out and Data Out available 

Single chip-select line 

Single Read/Write line 



description 

The TMS 1101 JC/NC is a 256-bit RAM, organized as 256 one-bit words and using P-ciianne! enhancement-mode (norma! 
ly Off) MOS transistors. The TMS 1 101 JC/NC will interface directly with standard TTL and DTL bipolar integrated cir- 
cuits. A separate chip-select lead allows easy selection of an individual package when outputs are used in a wire-OR fashion. 

logic definition 

Positive logic is assumed. 

a) LOGICAL 1 = most positive voltage 

b) LOGICAL = most negative voltage 

operation 

An 8-bit address code selects any one of 256 bits for either Read or Write operation — all address input levels being TTL 
or DTL logic levels. 

A logic level applied to the R/W control will result in a Read operation, and may be presented simultaneously or be- 
fore application of the address code. Read-out is non-destructive. 

A logic 1 level applied to the R/W control will create the condition for the Write operation. The duration of the Write 
command must be at least 400 nanoseconds to ensure that the data is written into the memory. The Write command 
should be Off by the time the address code is changed. The input data should coincide with at least the last 300 nano- 
seconds of the Write command. 

The memory is inhibited with the application of a logic 1 to the chip-select line. This action renders the Read/Write 
line and data inputs ineffective. The address decode will not be inhibited. Also, the output leads are open when the 
array is inhibited, allowing many chips to be wired-OR together. 

A unit mounted in a 16-pin hermetically sealed ceramic dual-in-line package is designated "TMS 1 101 JC". Mounted in 
a 16-pin plastic dual-in-line package, the device is numbered "TMS 1 101 NC". 
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functional block diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltageVD range (See Note 1) -20 V to 0.3 V 

Supply voltage Vqd range (See Note 1 ) -20 V to 0.3 V 

Data input voltage range (Note 1 ) -20 V to p.3^V 

Storage temperature range —55 C to 150 C 

Operating free-air temperature range —25 C to 85 C 

NOTE 1 : These voltage values are with respect to Vgg (substrate). 
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recommended operating conditions 



PARAMETER 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 










Substrate supply Vgs 


+4.75 


+5.0 


+5.25 


V 


Supply Vqd 


-9.50 


-10.0 


-10.50 


V 


Supply Vq 


-9.50 


-10.0 


-10.50 


V 


Logic Levels 










Input HIGH level V|h 


+3.5 






V 


Input LOW level Vii_ 






+0.6 


V 


Pulse Timing 










Write Pulse Width t^p 




400 




ns 


Write Delay twd 









ns 


Write Time tyy/ 


300 






ns 


Data Overlap tpo 


100 






ns 



Static eiectricai characteristics (under nominal operating conditions at 25°C unle^ otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


l||_ Input Current 








500 


nA 


Output Current 












'LO Leakage current 








1000 


nA 


Iql Sink current 


VOUT = 0.4 V 


1.6 






mA 


Source current 


VOUT = O.OV 




0.1 




mA 


Output Voltage 












Vql Output LOW voltage 








+0.4 


V 


Vqh Output high voltage 




+4.0 






V 


Capacitance 












C||yj Input 


V|N=+5V, F = 1MHz 






10 


PF 


CquT Output 


V|N=+5V, F = 1 MHz 






10 


pF 


Power Supply Current 












Vqd Supply 








13 


mA 


Vq Supply 








19 


mA 



dynamic electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


MIN 


TYP 


MAX 


UNITS 


Access Time 

t^L Output LOW level 
t^H Output HIGH level 




600 
600 


750 
750 


ns 
ns 
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interface circuits 



a) MOS 
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timing diagram and voltage waveforms 
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mechanical data and pin configuration 

The device is available in both a 16-pin hermetically sealed ceramic dual-in-line package (TMS 1 101 JC) and in a 16-pin 
plastic dual-in-line package (TMS 1 101 NC). The packages are designed for insertion in mounting-hole rows on 0.300- 
inch centers. (See MOS/LSI packaging section.) 
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features 

• Low power dissipation 

• Cycle time — 500 nsec 

• Access time — 300 nsec 

• Expansion capability 

• Fully decoded 

• Static charge protection 

• 18-lead plastic package 

description 

The TMS 1103 NC is a low-cost main-frame memory design used for large-storage high-performante applications. 

Organized as a 1024- by 1-bit random access memory, the TMS 1103 NC is a fully decoded monolithic array. This 
feature permits the use of an 18-pin dual-in-line package. 

This dynamic memory has nondestructive readout, and refreshes all 1024 bits in 32 Read cycles. 
Utilizing the latest silicon-gate low-threshold technology makes possible a high functional density. 

logic definition 

a) LOGICAL 1 = most positive voltage 

b) LOGICAL = most negative voltage 



operation 

Refer to functional block diagram and timing diagram. Access begins time t^Q before the negative teansistion of 
chip enable. In this duration the precharge is active and the row and column decoders settle out. Next, during the 
period tQv. the contents of the 32 cells along the selected row are written into the refresh amplifiers. One is re- 
quired at each column of the array. During the overlap interval, the data output is held high by the selected col- 
umn amplifier. At the positive transistion of precharge, the contents of the refresh amplifiers are rewritten into their 
respective columns and the data output is valid tpo later. A suitable time tpw after precharge, the state of the 
In Data line may be copied into the selected cell using a Write pulse of minimum time twp. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vqd range (See Note 1 ) _24 v to 0.3 V 

Clock input voltage range (See Note 1 ) : . . . . -24 V to 0.3 V 

Data input voltage range (See Note 1 ) _24 V to 0.3 V 

Operating free-air temperature range — 25°C to 70*C 

Storage temperature range -55°C to 150°C 

NOTE 1 : These voltage values are with respect to Vgg (substrate). 



PRELIMINARY DATA SHEET: 
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functional block diagram and pin configuration 
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recommended operating conditions 



PARAMETER 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 

System ground Vss 
Drain supply Vqd 
Substrate bias supply Vgg 


+15 
Vss + 3 


+16 

VSS + 3.E 


+17 
Vss + 4 


V 
V 


Pulse Timing 

Precharge pulse width tpc 

Precharge and Chip Enable overlap tQV 

Address set-up time to Chip Enable t^C 

Precharge to Read/Write tpw 

Read/Write pulse width (Note 1 ) twP 

Address to valid output tACCI 

Precharge to valid output tACC2 

Refresh interval tREp 

Precharge to end of Chip Enable tpov 

Precharge to valid output tpo 

Write or Read/Write Cycle twc °^ ^RWC 

Read Cycle tRc 


240 

150 
200 
70 
300 
390 

200 

580 
580 


250 
10 

110 


315 
100 

500 

2 
600 
150 


ns 
ns 
ns 
ns 
ns 

ms 
ns 
ns 



NOTE: 1. Data IN must be stable during t\fiip and remain stable for at least 20 ns after ty/yp. 
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electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


NOM 


MAX 


UNITS 


V|L Input LOW voltage 




Vss-17 


Vss-16 


Vss -15 




V|H Input HIGH voltage 




Vss-1 


vss 


Vss+1 




1 1 M 1 nput Load Current 








1 


mA 


Iqh Output HIGH Current 




700 


900 




mA 


Iql Output Leakage Current 








1 


mA 


'DD Average Vdd Current 


tpc = 240 ns 




14 


20 


mA 



timing diagram and voltage waveforms 



WRITE CYCLE OF READ/WRITE CYCLE 



tyyC 'Jn i:rwC 



PRECHARGE 



CHIP ENABLE 



READ/WRITE 



DATA IN 



(DATA OUTI* 



READ CYCLE 



ADDRESS 



PRECHARGE 



CHIP ENABLE 



READ/WRITE 



(DATA OUT)* 



Vss 
Vdd 

Vss 
Vdd 

Vss 
Vdd 

Vss 
Vdd 

Vss 
Vdd 

Vdd 



X 



X 



^^ 



tAC 



tpc 



/ 



^' 



tov 



TmnuiniimmmiiiiiM^ 



X 



tpw 



X" 

twp 



i^ )C 



vDATA STABLE 



ymmR 



tpo- 



VREF = 'M'mV 



A 



tACCI 



tACC2 



N^^ 



DATA OUT VALID 



"^. 



y 



tRC 



>C 



tAC 



tpc 



/ 



^^ 



tov 



X 



tACCI 



tACC2 



tpov 






tpo 



5^ 



X 



V 



"1" 
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FULLY-DECODED 1024-BIT RAM 



mechanical data and pin configuration 

The TMS 1103 NC is mounted in an 18-pin plastic dual-in-line package. (See MOS/LSI packaging section.) 
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u 


Dl8 


c 




3 


c 




3 


c 




3 


c 


TOP 


3 


c 


VIEW 


3 


i: 




3 


c 




3 


9 C 




mo 



J NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


A3 


10 


Vbb 


2 


A2 


11 


vdd 


3 


Al 


12 


Data In 


4 


AO 


13 


As 


5 


Precharge 


14 


(Data Out)* 


6 


A9 


15 


A4 


7 


A6 


16 


Chip Enable 


8 


A5 


17 


vss 


9 


A7 


18 


Read/Write 
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HIGH-SPEED CONTENT-ADDRESSABLE MEMORY 



featu 



es 



Static operation 

Nondestructive readout and interrogation 

High-speed operation — 250-ns typical system cycle time 

Low standby power dissipation 

Masked write and interrogation capa^lity 

Low threshold technology 



description 

The TMS 4000 JC/NC is a high-speed content-addressable memory organized as 16 eight-bit words. The entire device 
is constructed on a single monolithic chip using low-threshold MOS P-channel enhancement-mode transistors. Active- 
element design permits nondestructive readout and interrogation of memory contents. Bit lines can be wire-OR con^ 
nected to obtain memory planes greater than 16 words. Word lines can be wire-OR connected to achieve word lengths 
of greater than eight bits per word. Selection of a given word for reading or writing is accomplished by connecting the 
selected word line to a negative voltage while holding all other word lines at ground. The common interrogation con^ 
trol 1, when returning to a negative voltage, allows all sixteen words to be interrogated simultaneously. 

Memory writing is accomplished by addressing a desired word and bringing the appropriate bit lines to ground while 
holding the other bit lines at a negative potential. If both lines of a selected bit are held at the negative potential, the 
information in the bit will be unchanged during a writing cycle. Masked writing therefore can be achieved. 

Reading each bit content of an addressed word requires sensing differential current between the two bit lines. Both 
lines should be held near a logic 1. 

Interrogation of memory content is accomplished by activating the interrogation command I, bringing bit lines to ap- 
propriate voltages, and simultaneously sensing the current in each word line. If both bit lines of a particular bit are 
held at ground potential during an interrogation cycle, that bit will be excluded from the interrogation. If a word per- 
fectly matches the interrogation information, no current will flow through the word lines. One or more mismatches 
will cause at least 200 juA to flow in the word line. 

"TMS 4000 JC" designates a unit mounted in a 40-pin hermetically sealed dual-in-line package, and "TMS 4000 NC" 
is the number for a unit mounted in a 40-pin dual-in-line plastic package. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Voltageatany terminal relative to substrate (GND) +0.3Vto-14^V 

Operating free-air temperature range ~25 C to 85 C 

Storage temperature range —55 C to 1 50 C 

recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNITS 


Supply voltage Vqq 


-11 


-12 


-13 


V 


Supply voltage Vqd 


-11 


-12 


-13 


V 


Supply voltage V|| 


2.7 


—3 


-13 


V 


Write time (tw) 


60 






ns 


Settling time (tj) 


50 






ns 
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CONTENT-ADDRESSABLE MEMORY CELL 



Bo 
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Wlo 
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(JhQfl 
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9 <? 
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QilLXjtQ2 
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lU 



i" 



Q4 



UCq6 



CONTENT-ADDRESSABLE MEMORY ORGANIZATION 
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logic definition 

Negative logic is assumed 

a) Logic 1 = most negative voltage 

b) Logic = most positive voltage 



OPERATION 


INPUT VOLTAGE 


OUTPUT SIGNALS 


1 


W Bo 


Bl 


Write 





1 1 







Write 1 





1 


1 




Masked Write 





1 1 


1 




ReadO 





1 1 


1 


Current in Bi (200 juA minimum) 


Read 1 





1 1 


1 


Current In Bq (200 pA minimum) 


Interrogate 


1 


1 





Current in W indicates mismatch (200 /xA 
minimum) 


Interrogate 1 


1 





1 


Masked interrogate 


1 








No current in W from this bit 


Standby 





X 


X 


(See Note 11 



NOTE 1 : X = 1 or (don't care) 



electrical characteristics (under nominal operating conditions at 25°C, unless otherwise noted) 

Rl = 100 fi (See CAM operational requirements) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Read-mode sense current 


Logic stored in 
a bit cell 


Bo 






-10 


^A 


Bl 


-200 


-400 




Logic 1 stored In 
a bit cell 


Bo 


-200 


-400 




Bl 






-10 


1 nterrogate-mode sense current 


Matched 






-10 


mA 


One bit mismatched 


-200 


-400 




All bits (8) mismatched 




-2000 


-3000 


Ib Bit-line leakage current 


16 in parallel® -12 V 






10 


HA 


Iw Word-line leakage current 


16 in parallel® -12 V 






10 


tiA 


l| Interrogate line leakage current 


At -12 V 






100 


liA 


IDD Drain supply current 






3.0 


6.0 


mA 


Interrogation supply current per 
word 


One bit mismatched 


-0.2 


-0.4 




mA 


All bits (8) mismatched 




-2.0 


-3.0 


Total power dissipation 


Standby 




40 




60 


mW 


Read or Write 






100 


Interrogation 






200 


Cb Bit-line capacitance 


Vb = OV, f=1MHz 




13 




PF 


C\/y Word-line capacitance 


Vw = V, f = 1 MHz 




12 




pF 


C| Interrogate-line capacitance 


V|=OV, f=1MHz 




40 




pF 



switching characteristics (under nominal operating conditions at 25°C, unless otherwise noted) 



PARAMETER 



Settling time 



Interrogate access time 



Read access time 



TEST CONDITIONS 



MIN 



TYP 



50 



30 



MAX 



50 



80 



60 
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content-addressable memory operational requirements 



WRITE 
MASKED WRITE 
READ 

INTERROGATE 
STANDBY 



WRITE 1 

INTERROGATE 1 
MASKED 

INTERROGATE 




WRITE 1 
MASKED WRITE 
READ 

INTERROGATE 1 
STANDBY 



WRITE 
INTERROGATE 
MASKED 

INTERROGATE 



-12 V 
0=. 



I _y^O 




BIT H 
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typical switching waveforms (read and write) 



h 



LOGICAL 



LOGICAL 



;z:i 



10% 



LOGICAL 1 



SENSE CURRENT (B^) 



SENSE CURRENT (Bq) 






NEW CYCLE 



LOGICAL 



J 



90% 



■=)r- 90% 



WRITE-MODE VOLTAGE WAVEFORM 

' w J £ 



W ^ l ^-< P i ^ 

I -7J^90% X 



■STORED DATA - LOGICAL 
■STORED DATA - LOGICAL 1 



^ -5'-90% 



-STORED DATA - LOGICAL 1 



-^ STORED DATA - LOGICAL 



READ-MODE CURRENT WAVEFORM 



typical switching waveforms (interrogation) 



INTERROGATE 
PULSE (I) 



BIT LINE 
(BoORBi) 



LOGICAL 



LOGICAL 1 



LOGICAL 



LOGICAL 1 



SENSE CURRENT 



MISMATCHED (W) 



SENSE CURRENT 
MATCHED (W) 




10 mA 



M- 



jyw 



X 



^ NEW CYCLE 



\ 
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Interrogation Current vs Number of Bits Mismatched, 
And vs V|| Supply Voltage 



(R = 100 O, VpD = -12 V, Vqq = -12 V, Logical 1 = -12 V, Ta = 25°C) 



2500 



* 2000 

I 

1- 
z 
tu 

c 1500 



^ 1000 

o 
o 
a 

E 500 
2 



^^ 

O 

. i[ 



01 2345678 

BITS MISMATCHED 



500 




1.0 2.0 3.0 4.0 

V,| SUPPLY VOLTAGE - V 
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mechanical data and pin configuration 

The device is available in both a 40-pin hermetically sealed ceramic dual-in-line package (TMS 4000 JC) and a 40-pin 
dual-in-line plastic package (TMS 4000 NC). The packages are designed for insertion in mounting-hole rows on 0.600- 
inch centers. 

nnnnnnnnnnnnnnnn nnnn, 



40 



D 



TOP VIEW 



21 



20 



uuuuuuuuuuu uuuuuuuuu 



PIN NO. 


FUNCTION 


PIN NO. 


FUNCTION 


PIN NO. 


1 


°]. 


11 


Wg 


21 


2 


A ' 


12 


We 


22 


3 


°]. 


13 


W4 


23 


4 


,|b8 


14 


W2 


24 


5 


1 


15 


Vgg 


25 


6 


GND 


16 


NC 


26 


7 


Wi6 


17 


1? 

B5 


27 


8 


Wl4 


18 


0] 


28 


9 


Wl2 


19 


1 

B 


29 


10 


Wio 


20 


0) 


30 



FUNCTION 


PIN NO. 


FUNCTION 


:i- 


31 
32 


Wg 
W11 


or 


33 


Wi3 


34 


Wi5 


Vdd 


35 


NC 


NC 


36 


V|| 


Wi 
W3 


37 
38 




W5 
W7 


39 
40 


°|b4 



typical read/write interface for one-microsecond operation 



O +12Vdc 
it 



-►o 



""'^-C 



.SOOkll 



■0-* 



:300kn 



•W" LINE 



700 kf2 



NOTE: All gates = SN7400 



+12 Vdc 




'Bq" line 



14-238 



Texas Instruments 

INCOKPORATED 

POST OF=FICE BOX 5012 • DALLAS, TEXAS 75222 



PRINTED IN USA 
Tl trnnot ossume ony responsibiiily for any cirtuils shown 
or fepieieni Ihol Ihey an frte from p3!ei! !n!ring?!t!»n'. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
■V ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



MOS 
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TMS 4003 JR, TMS 4003 NC 
256-BIT RANDOM-ACCESS MEMORY 



FOR MEMORY APPLICATIONS REQUIRING 
HIGH-SPEED READ/WRITE CAPABILITY 



• Nondestructive readout 

• Static operation 

• System access time under 200 ns 

• Low power dissipation 



dtscription 



Tine TMS 4003 JR/NC is a high-speed random-access 
memory consisting of 256 cross-coupled flip-flops organ- 
ized as 256 one-bit words. The entire device is construct- 
ed on a single monolithic chip using thick-oxide techni- 
ques to produce MOS P-channel enharicement-type tran- 
sistors. Active-element design permits nondestructive 
readout, because addressing each bit tends to reinforce 
its existing state. Digit lines can be wire-OR connected 
to obtain memory planes greater than 256 words. Exter- 
nal decoding circuitry can be used for additional planes 
to achieve desired word length. Selection of a given bit 
for reading or writing is accomplished by the coincident 
addressing of one of 16 X lines and one of 16 Y lines. 
These two lines are taken to Vdd while all other X and 
Y lines are held at ground. 

Memory writing is accomplished by externally 
addressing the desired cell and bringing the appropriate 
digit line to ground while holding the other digit line at 
its nominal Vdd potential. 

Reading an addressed cell requires sensing a differential 
current between the two digit lines. Both digit lines 
should be held near their nominal value of Vdq- This 
causes addressing transistors Q1 , Q2, Q3, and Q4 to act 
as additional load resistors in parallel with standby load 
resistors Q5 and Q6, (see Figure 1). Depending on the 
flip-flop state, current will flow in one of the digit lines 
and not the other. 

Maximum speed of the circuit is limited by the 
propagation delay of the Y address voltage through a 
series of P-diffused tunnels. The write or read cycle time, 
including this delay and the TTL address-decode delay, 
will be under 200 nanoseconds (see Figure 2). 



^ 



Q6 






^ 



Q7 



Q8 t— »- 



7h 



^ 



-«— I 



GND (SUBSTRATE) 
TO 15 OTHER CELLS 



Q1 



Q3 t— »■ 



,^:^ 



Y ADDRESS 
I TO 15 OTHER CELLS 
Q2 4 Q4 I *—*■ 



X ADDRESS 



ti ^ TO 255 OTHER 

CELLS 



^ 
Ih 



DIGIT LINE 
DO 



DIGIT LINE 
D1 



CELL SCHEMATIC (1 OF 256 CELLS) 
FIGURE 1 



Power dissipation is typically 0.6 mW per bit when the memory is operated with an 18-volt dc power supply. Signifi- 
cantly lower average power dissipation may be obtained without sacrifice of system performance by synchronously or 
asynchronously pulsing the Vqd Power supply. This feature is a result of the temporary data storage provided by the 
gate capacitance of transistors Q7 and Q8. 

— continued 
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description (continued) 



A unit mounted in a 40-pin hermetically sealed ceramic dual-in-line package is designated "TMS 4003 JR". Mounted in 
a 40-pin plastic dual-in-line package the device is numbered "TMS 4003 NC". 



logic 



Logic levels for this memory are defined in terms of standard NEGATIVE LOGIC where: 

-16 V to -20 V = LOGICAL 1 
-(-0.3 V to -2 V = LOGICAL 



OPERATING MODE 


ADDRESS LINES OF 
SELECTED CELL 


DIGIT-LINE TERMINALS 


X 


Y 


D1 


DO 


Read 


1 


1 


1 


1 


Write a zero 


1 


1 


1 





Write a one 


1 


1 





1 



A selected cell has both its X and Y address lines at logical 1 . During read and write operations, only one cell should be 
selected at a time. An unselected cell is a cell which has at least one of its address lines at logical 0. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Voltageatany terminal relative to substrate (GND) -1-0.3 V to -22 V 

Operatingfree-air temperature range — 55°C to 85°C 

Storage temperature range — 55°Cto 150°C 

recommended operating conditions 



CHARACTERISTICS 


MIN NOM MAX 


UNIT 


Supply voltage X/qq 


-16 -18 -20 


V 


Write access time, tgw (See Note 1 and Figure 3) 


80 


ns 


Write pulse width, tp^v (See Figure 3) 


30 


ns 



NOTE: 1. Write access time is the delay between the application ot address voltages at the X and Y inputs and the start of the write 
pulse. Premature application of the write pulse may cause undesired writing into cells other than the addressed cell. 



operating characteristics (unless otherwise noted Ta = 25°C) 



PARAMETER 


TEST CONDITIONS 


MIN 


TVP 


MAX 


UNIT 


Read-mode sense current 


Vxn = Vvm = Vjn(DO) = VjnlDD = ^qd = " 
Logical stored in cell nm 


-16V, 


DO 


-200 


-400 




pA 


D1 




-0.1 


-10 


Vxn = Vvm = Vjn(DO) = Vin(DI) = '^/pD = 
Logical 1 stored in cell nm 


-16 V, 


DO 




-0.1 


-10 


01 


-200 


-400 




Vxn = Vvm = Vjn(DO) = '^in(DI) = Vqd = - 
Logical stored in cell nm 


-18 V, 


DO 


-300 


-500 




01 




-0.1 


-10 


VXn = ^Ym = Vjn(DO) = Vjn(oi) = Vqd = - 
Logical 1 stored in cell nm 


-18 V, 


DO 




-0.1 


-10 


D1 


-300 


-500 




Address-line current 
(16 lines in parallel) 


Vxor Vy = -20 V, 

Vin(DO) = Vjn(D1) = VdD = OV 




-10 


HA 


Total power dissipation 


One cell addressed, Vqq = -18 V 




150 


300 


mW 


One cell addressed, Vqq = -20 V, T^ = -55 


°C 




500 



14-240 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 79222 



TMS 4003 JR, TMS 4003 NC 
256-BIT RANDOM-ACCESS MEMORY 



operating characteristics, continued (unless otherwise noted N/pD = -18 V, T^ = 25°C) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Capacitance between 
digit-line terminal 
and substrate 


Vin(D0)=Vin(D1) = 0V, f = 140 kHz , 

Vx = Vy = V (or one cell addressed). See Note 2 


50 


pF 


Vin(D0) = Vin(D1) = -18V, f = 140 kHz, 

Vx = Vy = V (or one cell addressed), See Note 2 


30 


Capacitance between digit- 
line terminal and physically 
adjacent address 
terminal (D0-to-X2 or 
DI-to-YI, see Note 3) 


Vin(D0) = Vin(x2)=0to-18V, 
Vin{D1) = Vin(Y1) = 0to-18V, 
f = 140 kHz, See Note 2 


8t 


pF 


Capacitance between address 
terminal and substrate 


Vx = VY = 0to-18 V, f= 140 kHz, 
See Note 2 


8t 


pF 


Capacitance between Vpp 
terminal and substrate 


VpQ = Vx = Vy = to -18 V, f = 140 kHz, 
See Note 2 


50t 


pF 


Read access time, tgr 
(see Note 4) 


See Figure 3, Rl = 51 n 


30 60 


ns 



NOTES: 2. All capacitances are measured with all other elements ac grounded. 

3. Typical capacitance between digtt-line terminals and all other address lines will be less than that shown for the adjacent 
address lines. 

4. Read access time is the delay between the application of address voltages at the X and Y inputs and the availability of 
differential current between the digit lines. 

tThese typical values are the average for the voltage range to —18 V. 



30 ns 



60 ns 



150 ns 

r- 



DATA SENSED BY 
AMPLIFIER (READ MODE) 



200 ns 



TTL ADDRESS 



FIRST-LEVEL TTL DECODE 



SECOND-LEVEL TTL DECODE. 
BEGIN CHARGING RC 
DELAY ON MOS CHIP 



CELL ADDRESS COMPLETED 



DATA WRITTEN 
(WRITE MODE) 



NOTE: This timing diagram applies to a 2048-word-by-16-b!t memory system 
composed of 128 TMS 4003 JR/NC memories. 



FIGURE 2 - TYPICAL SYSTEM CYCLE TIME 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX S012 • DALLAS, TEXAS 75222 



14-241 



TMS 4003 JR, TMS 4003 NC 
25Q-BIT RANDOM-ACCESS MEMORY 



PARAMETER MEASUREMENT INFORMATION 



LOGICAL 0' 

ADDRESS LINES 
INPUT 

LOGICAL 1 



\ 



10% 



'aw 



WRITE PULSE I 

(DIGIT LINE DOOR D1) | i 

DD WRITE-MODE VOLTAGE WAVEFORM t 2V 



1 '" 1_L 



"L" 



u 



SENSE CURRENT (DO) 



90 % Stored Data = Logical 
Stored Data = Logical 1 



SENSE CURRENT (D1) 



-JU 

^ 90% Stored Data = Logical 1 

f 

Stored Data = Logical 



READ-MODE CURRENT WAVEFORMS 



FIGURE 3 - TYPICAL SWITCHING WAVEFORMS 



TYPICAL CHARACTERISTICS 
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FIGURE 4 



READ-MODE DIFFERENTIAL SENSE CURRENT 
vs 
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TMS 4003 JR, TMS 4003 NC 
256-BIT RANDOM-ACCESS MEMORY 



mechanical data and pin configuration 



The device is available in both a 40-pin hermetically sealed ceramic dual-in-line package (TiVlS 4003 JR) and a 40 pin 
plastic dual-in-line package {TMS 4003 NC). These packages are designed for insertion in mounting-hole rows on 600- 
inch centers. (See MOS/LSI packaging section.) 



INDEX DOT 



Y ADDRESS 



X ADDRESS 



Y ADDRESS 



9 YiiYi3Yi5 NC DO X^ X^ Xg Xg X^q X^j X14 X^g NC V^d Y^g Y^^ Y12 Y^q 



40; ^ (38;^ ^ ^ ^ ^ (32) ^(3^ (29) (28) Qt) Qe) (25) (g) @ @ @ 
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TOP VIEW 
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Y7 Y5 Y3 Yi Dl NC Xi X3 X5 X7 Xg X11 X,3Xi5GND NC Y^ y y y 



Y ADDRESS 



X ADDRESS 



Y ADDRESS 
NC— No internal connection. 



TYPICAL APPLICATION DATA 



An actual negative supply for Vqd 's not neces- 
sary. The Vqd terminal can be returned to system 
ground with a positive potential equal in magni- 
tude to the voltage specified for N/qd applied to 
device ground (pin 15). This simplifies external cir- 
cuitry, particularly when using bipolar systems 
such as TTL. The MOS device ground Vss» is nom- 
inally -1-18 V while the Vdd terminal is at system 
ground. Addressing occurs when one X-address 
line and one Y-address line are pulled to ground. 
Unselected address lines should remain at VgS- 







FIGURE 6 



DECODING AND DRIVING THE TMS 4003 JR/NR 
BY USE OF THE SN74154 
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TMS 4003 JR, TMS 4003 NC 
256-BIT RANDOM-ACCESS MEMORY 



TYPICAL APPLICATION DATA (Continued) 



TMS 4003 JR/NC 

MEMORIES WITH 

PARALLEL CONNECTED 

DIGIT LINES 



TMS 4003 JR/NC 

MEMORIES WITH 

PARALLEL CONNECTED 

DIGIT LINES 



TMS 4003 

DEVICE GROUND 



+18 V 




ONE TO FOUR TMS 4003't 

DEVICE GROUND 

Do (Wss) Dl 

ClBVpl^ 

^ ■^ ■■■ I 



SENSE AMPLIFIER 



R23J 3[ 




READ 
OUTPUT 




T.V305n,oo4. Hf°°r='^'' 



O WRITE ENABLE 



DATA O— 4- 





39pF 



WRITE 

ENABLE ENABLE 



DATA |_1 



CIRCUIT COMPONENTS INFORMATION 



Q1 and Q2: 2N3629 
Q3andQ4: 2N3014 



CIRCUIT COMPONENTS INFORMATION 

U1 and L2: 2 1/2 T, No. 30 wire on 

Ferrite B«id (Allen-Bradley 
No. TO 135G144A or equivalent) 

Q1,Q2, Q5,andQ6: 2N3014 

Q3anda4: 2N3829 



180n 



R1 and R2: 



FIGURE 7 - BASIC READ/WRITE CIRCUIT 
LIMITED TO LOW-SPEED OPERATION 



No. of TMS 4003 JR memories 
FIGURE 8 - HIGH-SPEED READ/WRITE CIRCUIT 
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MOS TMS 4020 NC 

LSI 2048-BiT DYNAMIC RANDOM-ACCESS MEMORY 



featu 



es BO 

3 

Low power dissipation ^ 

Full decode -< 

Access time — 320 nsec max ^ 

Cycle time — 640 nsec max 

High output-current capability (2 mA typ) 

Low-threshold technology 

24-pin plastic package 

description 

The TMS 4020 NC is a 1024-word by 2-bit random-access memory, constructed on a single chip, with MOS P-channel 
enhancement-mode transistors. The device has two 1024-bit storage arrays with a 10-bit address decode common to 
both. There are four input chip selects — two for each array. 

The address decode as well as the memory arrays are implemented with dynamic circuitry, thus enabling low power dis- 
sipation. Data stored in memory is nondestructively read. Refreshing of stored data is required every two milliseconds 
and refreshing the entire 2048 bits is accomplished with 16 Read cycles. 

The outputs of the device are open ended, allowing several circuits to be wired-OR. The information read from the array 
is opposite in polarity to the write input. 

The TMS 4020 NC is fabricated with a thick -oxide, low-threshold, self-aligned gate process. 

logic definition 

Positive logic is assumed. 

a) LOGICAL 1 = most positive voltage 

b) LOGICAL = most negative voltage 

operation 

The Precharge Cycle 01 is used to set up the dynamic decode logic for address selection, which occurs during Generate 
Time 02. 

During the Generate Time 02 the address decode is propagated and the memory arrays are precharged. With the return 
of 02 to tfis most positive voltage, the propagation of selected X-rows (1 of 16) of both arrays is initiated. The informa- 
tion in the two bits selected by the Y decode is then available at the output in 100 nsec. 

If a Read cycle is required, the data can be sampled at this time. An additional 100 nsec is required in the cycle to assure 
the completion of the refresh cycle. If a Write cycle is required, the Write strobe should be initiated 130 nsec after the 
termination of the Generate 02 signal concurrent with the new information being written. The remaining positions in 
the X-row (not being written into) will complete the refresh cycle. 

All X-rows not read during a 2-msec period should be refreshed via Read cycle to assure the integrity of the data. 
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TMS 4020 NC 

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



functional block diagram and pin configuration 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage VdD and Vss range (See Note 1) -24 V to 0.3 V 

Clock input voltage range (See Note 1) -24 V to 0.3 V 

Data input voltage range (See Note 1 ) -24 V to 0.3 V 

Operating free-air temperature range -25 C to 70 C 

Storage temperature range —25 C to 150 C 

NOTE 1 ; These voltage values are with respect to Vgug (substrate). 



14-246 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS, TEXAS 752S2 



TMS 4020 NC 
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



recommended operating conditions (see note 2) 



PARAMETER 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 

Substrate Voltage VsuB 
Drain supply Vpo 


1.5 
-17 


2.0 
-16 


2.5 
-15 


V 
V 


Logic Levels 

input HIGH level V|h 
Input LOW level V||_ 


-1.5 
-17 



-16 


+0.3 
-15 


V 
V 


Clock Voltage Levels 

Clock HIGH level V^h 
Clock LOW level V^l 


-1.0 
-17 



-16 


+0.3 
-15 


V 
V 


Pulse Timing 

Pulse transition t^, t^ 

Clock pulse width of 0i PWi 

Clock pulse width 02 PW2 

Clock delay from 0i to 02 Pdl 

Clock delay from 02 to 0i Pjj2 (Read and Refresh) 

Clock delay from 02 to 0i Pcj2 (Write) 

Address set-up time P/^g 

Address hold time Pah 

02-to-write pulse delay time P^yy 

Write pulse width Pwvv 


90 

170 



200 

310 





130 

150 




1000 


ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 


Pulse Spacing 

Data set-up time Pqs 

Data hold time Pqh 

Chip select set-up time Pqs 

Chip select hold time Pch 

Cycle time (Read and Refresh) 

Cycle time (Write) 

Strobe data width Pq 


10 

10 





530 

640 

100 






ns 
ns 
ns 
ns 
ns 
ns 
ns 


Refreshing Time Pref 






2 


ms 



NOTE 2: These voltage values are with respect to Vss- 



Static electrical characteristics (under nominal operating conditions at 25° C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output High Current 

'OS(H) Sense 


Load= 100 n 


1.2 


2.0 




' mA 


Output Leakage Current iL(out) 


VoUT = -16V 






1 


mA 


Input (Load) Current iL(in) 


V,N=-16V 






1 


UA 


Substrate Leakage Current IsuB 


VsUB = +2 V 






100 


mA 


Supply Current Ipp 
During PW^ 
During PW2 
During Pd2 






15 
26 
1.5 


20 

34 

2 


mA 
mA 
mA 


Average Supply Current IdD(AV) 






13 


18 


mA 
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TMS 4020 NC 

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



dynamic electrical characteristics (under nominal operating conditions from 0°C to +70° C unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


End of 02 to output delay Pjo 


LOAD = ioon 




70 


100 


ns 


Address to output access time PaCCI 


IOS(HIGH) = 0.8mAmin 




2go 


320 


ns 


01 to output access time PaCC2 


lOS(LOW) = 0.2mAmin 




410 


440 


ns 


Address Capacitance 

Aq through A3 
A4 through Ag 

Ag 


F = 1 MHzat25°C, 
Vaf = Vss 




8 
6 
4 


11 
8 
6 


PF 
PF 
pF 


Clock Capacitance 
<P2 


F = 1 MHz, 

V0 = Vss at 25°C 




18 
30 


22 
38 


pF 
pF 


Read/Vvrite Capacitance 
Chips selected 
Chips not seiected 


F = 1 MHz, 

VR/W = Vssat25°C 




27 
15 


33 
20 


pF 
pF 


Data 1 nput Capacitance 
Chips selected 
Chips not selected 


F = 1 MHz, 

Vin = Vss at 25°C 




20 

5 


25 
7 


pF 
PF . 


Data Output Capacitance 
Chips selected 
Chips not selected 


F = 1 MHz, 

Vout = Vss at 25°C 




8 
3 


12 

5 


pF 
pF 



TTL interface 
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TMS 4020 NC 
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



timing diagram and voltage waveforms 
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TMS 4020 NC 

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



mechanical data 

The TMS 4020 NC is mounted in a 24-pin plastic dual-in-line package, designed for insertion in mounting-hole rows on 
0.600-inch centers. (See MOS/LSI packaging section.) 



pin configuration 
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TOP VIEW 
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PIN NO. FUNCTION 



PIN NO. FUNCTION 
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A6 
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Al 
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A5 


14 


AO 


3 


A4 


15 


02 


4 


INi 


16 


C/S2 


5 


OUTi 


17 


C/S2 


R 


C/Si 


18 


R/W 


7 


C/Si 


19 


OUT2 


8 


•^1 


20 


IN2 
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A3 


21 


Ag 


10 


A2 


22 


A8 


11 


VSUB 


23 


A? 


12 


vdd 


24 
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MOS TMS 4023 NC 

LSI 1024-BIT RANDOM-ACCESS MEMORY 



features 



m 
Low power di^ipation g 

Access time — 650 nsec (maximum) < 

Cycle time — 900 ns (maximum S 

Refresh Period - 2 ms for 0°C-70°C 
Fully decoded 
Wired-OR capability 
Inputs fully protected 
24-lead plastic package 

description 

The TMS 4023 NC is a 1024-bit RAM, organized as 1024 one-bit words, using P-channel enhancement-mode transistors. 
A fully decoded monolithic array, the device is available in a low-cost, standard, 24-pin dual-in-line plastic package. The 
dynamic memory has nondestructive readout and refreshes ail 1024 bits in 32 read cycles (or 32 microseconds). The 
TMS 4023 NC is designed as a low-cost main-frame memory for large-storage high-performance operations. 

logic definition 

Negative logic is assumed. 

a) LOGICAL 1 = most negative voltage 

b) LOGICAL = most positive voltage 

operation (refer to functional block diagram and timing diagram) 

A 10-bit address code selects any one of the 1024 bits for either Read or Write operation. A Read or Write operation 
may be performed with the application of a logic 1 on the chip-enable line. The memory is inhibited with the applica- 
tion of a logic to the chip-select line. This renders the data Input/Output line open and ineffective, which allows 
wired-OR operation. The address decode is not inhibited however. 

Application of a logic to the Read/Write line will result in a Read operation. This may be jresented simultaneously 
with or before application of the address code. Read-out is nondestructive. 

A logic 1 applied to the Read/Write and chip enable will result in a Write operation. Duration of the Write command 
must be at least 560 nanoseconds to ensure that the data is written into memory. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltages Vdd and Vss range (See Note 1) -24 V to 0.3 V 

Clock input voltage range (See Note 1 ) -24 V to 0.3 V 

Data input voltage range (See Note 1 ) -24 V to 0.3 V 

Operating free-air temperature range —25 C to 70 C 

Storage temperature range —55 Cto 150 C 

NOTE 1 : These voltage values are with respect to VsuB (substrate). 
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TMS 4023 NC 

1024-BIT RANDOM-ACCESS MEMORY 



functional block diagram and pin configuration 
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VsuB VPO ^SS *1 <P2 'l>3 M 

i i n 1 i i 



1 OF 32 

ROW 

DECODER 



READ 
AMPLIFIER 



WRITE 
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u 



MEMORY 

MATRIX 

32 ROWS 

32 COLUMNS 
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A5 Ae A7 Ag Ag 



ft? 
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COLUMN 
DECODER 



REFRESH 
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R/W 
COLUMN 
GATING 



^r=n 



I/O 
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recommended operating conditions 



PARAMETER 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage (See Note 1) 

Substrate Supply VsuB 

vss 
Vdd 


+ 1.5 
-t9 


+2.0 



-20 


+2.5 
-21 


V 
V 
V 


Logic Levels (See Note 1 ) 

Input HIGH level V|h 
Input LOW level V||_ 


-1.5 
-19 


-20 


+0.3 
-21 


V 
V 


Clock Voltage Levels (See Note 1) 
Clock HIGH level V^h 
Clock LOW level V^j. 


-1.5 
-19 


-20 


+0.3 
-21 


V 
V 


Pulse Timing 

Pulse widths 

Clock pulse width 1 PW^i 
Clock pulse width 2 PW02 
Clock pulse width 3 PW^a 
Clock pulse width 4 P)N^ 


120 
130 
380 
110 






ns 
ns 
ns 
ns 


Pulse Spacing 

Clock delay tfj^i, td02' ^d^S- ^604 









ns 



NOTE 1 : These voltage values are with respect to Vss- 



— continued 
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TMS 4023 NC 
1024-BIT RANDOM-ACCESS MEMORY 



recommended operating conditions (continued) 



PARAMETER 


MIN 


NOM 


MAX 


UNITS 


Pulse Spacing (continued) 










Address setup t/^s 


10 






ns 


Address hold t^H 


10 






ns 


Chip-select setup time Iqq 









ns 


Chip-select hold time tcH 









ns 


R/W overlap C/S tyvs and tWH 


10 






ns 


Data setup tps 


10 






ns 


Data hold tQH 


10 






ns 


Refreshing time Trep 






2 


ms 



Static electrical characteristics (under recommended operating conditions and for T^ = 0°C to 70° C) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Leakage Current 












Substrate 








100 


mA 


Address Input 










mA 


Clock Input 










juA 


C/S Chip Select 










mA 


R/W Read/Write 










mA 


I/O Input/Output 










mA 


Output High Current 












Iqs Sense 


Rload = 200 n 


1.1 






mA 


Supply Current Drain 












Iqd Drain Supply 






1.0 




mA 



dynamic electrical characteristics (under recommended operating conditions and for T^ = 0°C to 70° C) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Cycle Time 
tQD Output Delay 


Cl0AD= 100 pF, 
RLOAD = 200n, 
Vref = 180 mV 


900 




350 


ns 
ns 


tACC Access time (Note 2) 
tAD Available data on output 


ClOAD = 100 pF, 

Rload = 200 n, 

Vref= 180 mV 


50 


650 




ns 
ns 


Capacitance 

C|N Address Input 

C03. C«4 

C/S Chip Select 

R/W Read/Write 

I/O Input/Output 

Chip Selected 
Chip Not Selected 






5 

1? 

9 
8 

24 
7 


8 

20 

11 
10 

27 
9 


pF 

pF 

pF 
pF 

pF 
pF 



NOTE 2: Access time is given for rise and fall times of input signals of no more than 15 ns. 
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TMS 4023 NC 

1024-BIT RANDOM-ACCESS MEMORY 



timing diagram and voltage waveforms 
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TMS 4023 NC 
1024-BIT RANDOM-ACCESS MEMORY 



TTL interface 
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mechanical data and pin configuration 

The TMS 4023 NC is mounted in a 24-pin dual-in-line plastic package, designed for insertion in mounting-hole rows on 
0.600-inch centers. (See MOS/LSI packaging section.) 



PIN NO. FUNCTION 



PIN NO. FUNCTION 
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I^OS IMS 4025 NC 

LSI 2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



features 



Low power dissipation 

Full decode 

Access time — 280 nsec max 

Cycle time — 640 nsec max 

High output-current capability (2 mA typ) 

Low-threshold technology 

24-pin plastic package 



description 



The TMS 4025 NC is a 1024-word by 2-bit random-access memory, constructed on a single chip, with MOS P-channel 
enhancement-mode transistors. The device has two 1024-bit storage arrays with a 10-bit address decode common to 
both. There are two input chip selects — one for each array. 

The address decode as well as the memory arrays are implemented with dynamic circuitry, thus enabling low power dis- 
sipation. Data stored in memory is nondestructively read. Refreshing of stored data is required every two milliseconds 
and refreshing the entire 2048 bits is accomplished with 16 Read cycles. 

The outputs of the device are open ended, allowing several circuits to be wired-OR. The information read from the ar- 
ray is opposite in polarity to the write input. 

The TMS 4025 NC is fabricated with a thick -oxide, low-threshold, self-aligned gate process. 
logic definition 

Positive logic is assumed. 

a) LOGICAL 1 = most positive voltage 

b) LOGICAL = most negative voltage 

operation 

The Precharge Cycle 0i is used to set up the dynamic decode logic for address selection, which occurs during Generate 
Time 02- 

During the Generate Time 02 the address decode is propagated and the memory arrays are precharged. With the return 
of 02 to the most positive voltage, the propagation of selected X-rows (1 of 16) of both arrays is initiated. During the 
Read/Write time 03 the information in the two bits selected by the Y decode is then available at the output in 60 nsec. 

if a Read cycle is required, the data can be sampled at this time. An additional 180 nsec is required in the cycle to as- 
sure the completion of the refresh cycle. If a Write cycle is required, the Write strobe should be initiated 90 nsec after 
the 03 signal concurrent with the new information being written. The remaining positions in the X-row (not being 
written into) will complete the refresh cycle. 

All X-rows not read during a 2-msec period should be refreshed via Read cycle to assure the integrity of the data. 
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TMS 4025 NC 
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



functional block diagram and pin configuration 
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TMS 4025 NC 

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage VpD and Vss range (See Note 1 ) -24 V to 0.3 V 

Clock input voltage range (See Note 1 ) -24 V to 0.3 V 

Data input voltage range (See Note 1 ) -24 V to 0.3 V 

Operating free-air temperature range -25°C to 70°C 

Storage temperature range -25°Cto150°C 

NOTE 1 : These voltage values are with respect to VguB (Substrate). 
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TMS 4025 NC 
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



recommended operating conditions (see note 2) 



PARAMETER 


MIN 


NOM 


MAX 


UNITS 


Operating Voltage 










Substrpte Voltage VsuB 


1.5 


2.0 


2.5 


V 


Drain si-.-'ply Vqq 


-t7 


-16 


-15 


V 


Logic Levels 










Input HIGH level V|h 


-1.5 





-1-0.3 


V 


Input LOW level V|l 


-17 


-16 


-15 


V 


Clock Voltage Levels 










Clock HIGH lev-l V^h 


-1.0 





+0.3 


V 


Clock LOW level V^l 


-17 


-16 


-15 


V 


Pulse Timing 










Pulse transition t,-, t^ 






1000 


ns 


Clock pulse width of 0i PWi 


90 






ns 


Clock pulse width of (^2 PW2 


170 






ns 1 


Clock pulse width of 03 PW3 










(READ and REF) 


220 






ns 


(WRITE) 


280 






ns 


Clock delay from 0i to 02 Prfl 









ns 


Clock delay from (j>2 to 03 Pd2 









ns 


Clock delay from 03 to 0i Pd3 









ns 


Address set-up time Pas 









ns 


Address hold time P/xH 









ns 


03-to-write pulse delay time P^vv 


90 






ns 


Write pulse width Pyvw 


150 






ns 


Pulse Spacing 










Data set-up time Pqs 


10 






ns 


Data hold time Pqh 


10 






ns 


Chip select set-up time Pes 









ns 


Chip select hold time PcH 









ns 


Cycle time (Read and Refresh) 


580 






ns 


Cycle time (Write) 


640 






ns 


Strobe data width Pq 


150 






ns 


Refreshing Time Pref 






2 


msec 



NOTE 2; These voltage values are with respect to Vss- 



Static electrical characteristics (under nominal operating conditions at 25° C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output High Current 

Sense los(H) 


Load= 100 n 


1.2 


2.0 




mA 


Output Leakage Current Il(OUT) 


V0UT = -16V 






1 


mA 


Input (Load) Current Il(IN) 


V|N = -16V 






1 


mA 


Substrate Leakage Current IsuB 


VsuB = +2 V 






100 


mA 


Supply Current Iqd 
during PWi 
during PW2 
during PW3 






3 

6 

2.5 


5 
9 
4 


mA 
mA 
mA 


Average Supply Current IdD(AV) 






3.5 


6 


mA 
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TMS 4025 NC 

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



dynamic electrical characteristics (under nominal operating conditions from 0°C to 70°C unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


End of 02 to output delay Pdo 


Load= 100 n 




45 


60 


ns 


Address-to-output access time PaCCI 


'OS(HIGH) = 0.8mAmin, 




265 


280 


ns 


*1-to-output access time PaCC2 


lOS(LOW) = 0.2 mA min 




385 


400 


ns 


Address Capacitance 












Aq through A3 


F = 1 MHz at 25°C, 




8 


IT 


pF 


A4 through Ag 


Va = Vss 




6 


8 


PP 


A9 




4 


6 


pF 


Clock capacitance 01 




18 


22 


pF 


Clock capacitance 02 


F = 1 MHz, V0 = Vss at 25°C 


30 


38 


pF 


Clock capacitance 03 






35 


42 


pF 


Read/Write Capacitance 












Chips selected 


F= 1 MHz, 




27 


33 


pF 


Chips not selected 


VR/W = v'ss at 25°C 




15 


20 


pF 


Data Input Capacitance 













Chips selected 


F = 1 MHz, 




20 


25 


pF 


Chips not selected 


Vin = Vss at 25°C 




5 


7 


pF 


Data Output Capacitance 












Chips selected 


F = 1 MHz, 




8 


12 


pF 


Chips not selected 


Vout = Vss at 25°C 




3 


5 


pF 



TTL interface 
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LEVEL 
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+16 V 

o 
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L 
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TMS 4025 NC 
2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



timing diagram and voltage waveforms 
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02 



*3 



ADDRESS 



CHIP ^ 

SELECT 



DATA OUT 
(LOAD =» 
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;^- 



^^j^^ 




PW2 



fd2 



Pah 



PW3 



-^ 




Pd3 



PdW 



^^J^^^ 



pds 



PWw 



.10% 
.90% 



:io% 

90% 



:io% 

90% 



00% 

.90% 




90% 



mechanical data 

The TMS 4025 NC is mounted in a 24-pin plastic dual-in-line package, designed for insertion in mounting-hole rows on 
0.600-inch centers. (See MOS/LSI packaging section.) 

— continued 
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TMS 4025 NC 

2048-BIT DYNAMIC RANDOM-ACCESS MEMORY 



mechanical data (continued) 
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3 


q 


TOP VIEW 


p 


□ 




D 


c 




D 


c 




H 


c 




3 


c 




n 


^ 




I|13 



N NO. 


FUNCTION 


PIN NO. 


FUNCTION 


1 


A6 


13 


Al 


2 


A5 


14 


Ao 


3 


A4 


15 


02 


4 


INi 


16 


NC 


5 


03 


17 


C/S2 


6 


OUTi 


18 


R/W 


7 


C/Si 


19 


0UT2 


8 


01 


20 


IN2 


9 


A3 


21 


A9 


10 


A2 


22 


As 


1 1 


VSUB 


23 


A7 


12 


vdd 


24 


vss 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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SPECIAL-PURPOSE DEVICES 



This section presents special-purpose devices produced by Tl. 

1) Analog Switches 

The MOS transistor takes its place among the many techniques available to the designer for analog 
switching, which include: 

• Mechanical choppers 

• Bipolar transistors 

• FETs 

• Photoelectrical devices 

It has several definite advantages over other techniques: 

a) If there is no activating signal, the resistance between drain and source is extremely large 
and all inputs are insulated. 

b) The MOS transistor is completely symmetrical with respect to its source and drain (the more 
positive terminal is called the source). Depending on the voltage applied, either side of the 
transistor can act as source or drain. 

c) The gate of the transistor is completely insulated and does not draw current. 

Tl presently manufactures the following devices. 

TMS 6000 JC/NC 10-channel common-source analog switch 
TMS 6002 JC/NC 6-channel common-drain analog switch 

TMS 6005 JC/NC 6-channel common-source analog switch 

TMS 6009 JC/NC 6-channel common-source analog switch 

2) Digital-Storage Buffers 

The TMS 4006 JC is a first-in first-out store, particularly useful in communication applications. It 
allows the user to buffer digital information coming from a transmission line. 
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MOS TMS 4006 JC. TMS 4006 NC 

LSI DIGITAL STORAGE BUFFER 



features 



Asynchronous input and output clocks 

Serial or parallel input capability 

No minimum clock rate (long-term storage) 

Low output impedance 

Double-ended buffer 

28-pin CDIP or dual-in-line plastic package 

Memory expansion by cascading units 



description 



14-264 



The TMS 4006 JC/NC is a data storage register with a capacity of 1 1 or 13 words of 6 bits each. It performs storage on 
a first-in first-out basis. The device employs a method of storage commonly referred to as "silo" mode. 

Input and output of the digital storage buffer operate entirely independently. A word is transferred into the TMS 4006 
JC/NC on the positivergoing edge of the data input clock (DIC). A word is transferred out of the register on the positive 
going edge of the data output clock (DOC). 

The input and output clocks are completely independent of each other. There is no minimum clock rate. Logic used in 
the TMS 4006 JC/NC is purely static and the device has long-term retention. 

Once a character is entered it will be stored temporarily in the first available register. A control logic associated with 
the next register will indicate whether or not that register already contains a valid word. If the next register is full, 
the input word will stay in the first register. If the next register is empty the word will fall down in parallel and be 
transferred. This operation will be repeated time after time until a full register is met. The operation is completely 
independent of the input, output clocks, and of all terminals. 

The input word can be loaded either in serial or in parallel. 

To load the device in parallel, the serial parallel (S/P) control must be at a logic 1. 

To load in serial, the S/P control must be at a logical 0. A marker bit will be loaded concurrently with the first shift 
pulse (data input clock). This marker bit will be a logical 0. In serial mode the input word will then be 7 bits (1 marker 
bit and 6 data bits). Parallel inputs should be held at less than -10 volts or left floating. In parallel operation, the 
serial input should be held greater than —1 .5 volts or left floating. 

The TMS 4006 JC/NC can store 1 1 words when operating in the serial mode and 13 words when operating in the 
parallel mode. 

When in serial mode a word cannot be "all zero"; at least one of the data bits must be a 1 . 

Several outputs will allow the user to find out how much data is stored in the TMS 4006 JC/NC: 

A Flag 1 output will indicate whether the first (first-in word) register is full. 
A Flag 10 output will indicate whether the 10th register is full. 
A Flag 13 output will indicate whether the 13th register is full. 

Flag outputs may be used to generate a readout command when a certain number of registers are full. 

An ADIS (any data-in storage) output allows the user to detect lock-up, which may occur if power supplies are discon- 
nected. Different outputs on ADIS and Flag 1 indk:ate lock-up. The register must then be cleared. 

Texas Instruments 
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TMS 4006 JC, TMS 4006 NC 
DIGITAL STORAGE BUFFER 



description (continued) 

A Clear input wiil allow the user to clear all the registers of the TMS 4006 JC/NC simultaneously. 

TMS 4006 JC/NC can be connected in cascade or in parallel to extend system storage capacity in increments of six digits 
and/or 13 characters. To extend the character positions, two controls are provided: a next-register input clock (NRC), 
which provides the input clock signal to the next register in a cascaded string, and a previous-register output clock (PRC) 
which provides the output clock signal to the previous register in a cascaded string. 

"TMS 4006 JC" is the part number for a unit mounted in a 28-pin ceramic dual-in-line package. In a 28-pin plastic 
package the device is numbered "TMS 4006 NC". 

operation 

Transferring data into the device occurs on the positive-going edge of DIC. Output data appears on the positive-going 
edge of the DOC and resets to one on the negative-going edge of the DOC. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vqq range* -30 V to 0.3 V 

Supply voltage Vqq range* —30 V to 0.3 V 

Clock and data input voltage ranges* —30 V to 0.5 V 

Operating free-air temperature ranges — 25°C to 85°C 

Storage temperature range — 55°Cto150°C 

These voltages are with respect to network ground terminal. 

recommended operating conditions 



CHARACTERISTICS 


MIN 


NOM 


MAX 


UNIT 


Supply voltage Vqq 


-23 


-24 


-28 


V 


Supply voltage Vpp 


-13 


-14 


-18 


V 


Data input voltage 

Vin(O) 'osical 
Vjnd) logical 1 



-11 


-2.0 
-12 


-3.0 
-16 


V 
V 


Clock input voltage 

V</)(0) 'oS'cal 
^0(1) logical 1 



-11 


-2.0 
-12 


-3.0 
-16 


V 
V 


S/P input 

Serial mode 
Parallel mode 


-0.3 
-23 



-24 


-1.5 
-28 


V 
V 


Clear command 
Logical 
Logical 1 


+0.3 
-23 



-24 


-1.5 
-28 


V 
V 


Marker bit for serial input 





-2.0 


-3.0 


V 


Width of data pulse tp(ciata)''' 


10 






jusec 


Rise-time of clock pulses, tr(clock)t 






2 


/isec 


Fall-time of clock pulses, tf (clock)''' 






2 


usee 


Clock repetition rate'^ 







25.0 


kHz 


Width of clock pulses, tp(ciock)t 


5 






Msec 


Overlap of data to clock, toyt 





1.0 




jisec 



' See Timing Diagram 

NOTE: Maximum speed of operation will be obtained when operating at the nominal values. The design of the unit permits a broad range of 
operation that allows the user to take advantage of readily available power supplies. 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 5012 . DALLAS, TEXAS 75222 



14-265 



TMS 4006 JC, TMS 4006 NC 
DIGITAL STORAGE BUFFER 



electrical characteristics (under nominal operating conditions at 25°C unless otherwise specified) 



PARAMETER 


TEST CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


^out(l) Logical 1 output voltage 




^11 




-16 


V 


^out{0) Logical output voltage 




-2.0 


-2.5 


-3.0 


V 


^out Output impedance 


Vjjut = to 3 V 




700 


1000 


n 


All flag outputs* 


Rl< BOkntoGND 


45 






mA 


PRC (1) Previous register clock logical 1 level 


RL>500kn toGND 
Cl<20pF 


-8 


-10 


-12 


V 


PRC (0) Previous register clock logical level 


RL>500kntoGND. 
Ci_<20pF 


-2.0 


-2.5 


-3.0 


V 


NRC (1) Next register clock logical 1 level 


RL>500kntoGND 
CL<20pF 


-8 


-10 


-12 


V 


NRC (0! Next register clock logical level 


R|_^500kn toGND 
Cl<20pF 


-2.0 


-2.5 


-3.0 


V 


Ij-Mj Logical 1 level input leakage current 


Vin = -15V. Vdd = OV, 
Vgg = V 






6.0 


."A 


Logical 1 level input leakage current 
'"*^*'^ into the clock input 


Vin^=-20V, Vdd = OV, 

Vgg = V 






10.0 


mA 


Cjn Capacitance of data Input 


Vin^OV, Ta = 25°C, 
F(clock) = 25kHz 




3.0 


5.0 


PF 


C|n0 Capacitance of clock inputs 


Vin=OV, Ta = 25»C, 
>=(clock)=25kHz 




3.0 


5.0 


PF 


IpD Supply current into Vpo ^^'''"'"3' 


Vdd = -14V, Vgg = -24 V 




20 


30 


mA 


\qq Supply current into Vqq terminal 


Vdd = -14V, Vgg = -24 V 




4 


10 


mA 


Power dissipation 






250 




mW 



Includes SYNC, 1st Flag, 10th Flag, 13th Flag and ADIS. 



switching characteristics 



PARAMETER 


TEST CONDITIONS 


MIN 


NOM 


MAX 


UNIT 


Propagation delay time to logical 1 
level from DIG to appearance of data 
^ at output of empty register (13 regis- 
ter levels of delay) 


( See Timing Diagram) 




5 


7 


^sec 


Propagation delay time to logical 
level from DIG to appearance of data 
^ at output of empty register ( 1 3 regis- 
ter levels of delay) 


(See Timing Diagram) 




5 


7 


/usee 


Propagation delay time to Flag 10 turn- 
tpda o" from DIG to appearance of data at 
level 10 (4 register levels of delay). 


(See Timing Diagram) 




1 


2 


jxsec 


Propagation delay time to Flag 10 turn- 
tpdb °ff from DOG to disappearance of data 
at level 10 (10 register levels of delay) 


(See Timing Diagram) 




3 


5 


jusec 


Propagation delay time to Flag 13 turn- 
tpdc off from DOG to disappearance of data 
at level 13 (13 register levels of delay). 


(See Timing Diagram) 




5 


7 


fisec 
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TMS 4006 JC, TMS 4006 NC 
DIGITAL STORAGE BUFFER 



functional block diagram 
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TMS 4006 JC, TMS 4006 NC 
DIGITAL STORAGE BUFFER 



timing diagram and waveforms 
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IMS 4006 JC. TMS 4006 NC 
DIGITAL STORAGE BUFFER 
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TMS 4006 JC. TMS 4006 NC 
DIGITAL STORAGE BUFFER 
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mechanicai data 

The digital storage buffer is available in both a 28-pin hermeti, 
—T dual-in-line pljstic package (TMS 4006 MC) " 
-inch centers. (See MOS/LSI packaging section.) . 

pin configuration 



28-pin dual-in-line pLstic package (TMs'ijOeNCr'^hrrckat'ldt'' it'"'"'"' '^^'^^ '™' '°^^ ^^^ ^"^ a 
0.600-inch centers IFi^ Mnc/« c. . '• .''® ^^'=''^9^ '* designed for insertion in mounting ole rows on 



SERIAL 
DATA 
PRC S/P CLEAR Die IN / 



PARALLEL DATA IN 



SYNC 
ADIS 



QQQQQ @Q)®QG)Q 



REGISTER NO. 13 



PRC 

NR-: 

ADIS 

S/P 
Die 
DOC 

'^SS 
^OD 

Vqg 



REGISTER NO. 12 
REGISTER NO. 11 




(16^ FLAG 13 



Qs) FLAG 10 







FLAG 1 



PREVIOUS-REGISTER CLOCK 
NEXT-REGISTER CLOCK 
ANY DATA IN STORAGE 
SERIAL/PARALLEL CONTROL 
DATA-INPUT CLOCK 
DATA-OUTPUT CLOCK 
SUBSTRATE 
DRAIN POWER SUPPLY 
GATE POWER SUPPLY 



PAR/iLLEL DATA OUT 



28 

nnnnnnnnnnn nn_n. 



TOP VIEW 

■u U U U U U U U U U U U U 3 

^ 14 
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TMS 4006 JC, TMS 4006 NC 
DIGITAL STORAGE BUFFER 



memory expansion 

DSBs can be connected in cascade or in parallel to extend system storage capacity in increments of six digits and/or 13 
characters. To extend the character positions, two controls are provided: an NRC which provides the input clock 
signal to the next register in a cascaded string, and a PRC which provides the output clock signal to the previous register 
in a cascaded string. There is no limit, in terms of performance, to the number of registers in a cascaded string. To ex- 
tend the digit positions, the input and output control signals of a number of registers are tied in parallel. N registers 
tied in this fashion to store 6N digit characters can only accept characters serially in 6-bit sub-characters with the re- 
striction that a marker pulse must proceed each 6-bit sub-character. There are no restrictions on input character format 
in the parallel mode. 



a) Cascading 
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OUTPUT CLOCK 



Digital storage buffers can be cascaded very simply to provide extra capacity since all the control clocks and gating are 
generated internally permitting direct connection of one DSB to the next. 

b) Paralleling 
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MOS 
LSI 



TMS 6000 JR, TMS 6000 NC 
COMMON-SOURCE 10-CHANNEL ANALOG SWITCH 



DESIGNED FOR HIGH-SPEED MULTIPLEXING APPLICATIONS 



Dual-in-line package 
RDS(ON) = 200 Q. 



description 



The TMS 6000 JR/NC analog switch is a P-channel enhancement-mode MOS monolithic integrated circuit, designed for 
high-speed multiplexing applications. It consists of ten MOS transistors having all ten sources interconnected. 

A gate input impedance greater than lOlO ohms coupled with low-source-cutoff current, zero inherent offset voltage, 
and low on-state resistance ideally suits these switches for time-division multiplexing of analog and digital signals. 

"TMS 6000 JR" designates a unit mounted in a 24-pin hermetically sealed ceramic dual-in-line package, and "TMS 6000 
NC" is the part number for a unit mounted in a 24-pin dual-in-line plastic package. 



schematic and pin configuration 



TOP VIEW 



D = Drain 



G = Gate 



S = Source 



Vgs = Substrate 



NC = No Connection 
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absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Drain-source voltage —30 V 

Gate-source voltage ~30 V 

Gate-drain voltage ~30 V 

Drain current -50 mA 

Operating free-air temperature range —55 C to 85 G 

Storage temperature range -55 C to 150 C 
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electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


V{BR)DSS Drain-source breakdown voltage 


Id = -10mA, Vgs = OV 


-30 






V 


^(BR)GSS Gate-source breakdown voltage 


ig = -iom, Vos = OV 


-30 






V 


Source-drain breakdown 

V(BR)SDS 

voltage 


Is = -10mA, Vgd = OV 


-30 






V 


'GSSF Gate-terminal forward current 


Vqs = -20 V, Vps = V 




-0.05 


-1 


nA 


Zero-gate-voltage drain 
'DSS 

current 


Vds = -20 V, Vgs = V 






-3 


nA 


Zero-gate-voltage source 
'SDS 

current 


VsD = -20 V, Vgd = 






-6 


nA 


Gate-source threshold 
VGS(th) 

voltage 


VdS = OV, Id = -10mA 


-2.5 


-4 


-6 


V 


Static-drain-source on-state 
'■DS(Dn) 

resistance 


Vgs = -20V, Id = -100mA 




140 


200 


n 


Small-signal common-source 
lYfsl 

forward transadmittance 


Vds = -10 V, vgs = -iov, 

f = 1 kHz 




3 




mmho 


C(jn) Input capacitance (See Note 1 ) 


Vds = -5 V, Vgs = V 




4 


7 


PF 


C(out) Output capacitance (See Note 2) 


VsD = -5 V, Vgs = -5 V, 
f =1 MHz 




13 


20 


PF 


Gate-source capacitance 
Cgs 

(See Note 3) 


Vds = V, Vgs = v, 

f = 1 MHz 




3 


4.5 


pF 


Gate-drain capacitance 
(See Note 3) 


vds = ov, Vgs = OV 

f =1 MHz 




2 


3 


pF 


^^d(on) Turn on delay time 


See Switching Circuit 


22 


33 


ns 



NOTES: 1. C(in) is the capacitance between the drain terminal and all other terminals of the transistor under test. 

2- C(out) is the capacitance between the source termlnaland all other terminals of the transistor under test. 

3. Cgs and Cgj measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The drain and substrate 
respectively, are connected to the guard terminal of the bridge. 



mechanical data 

This device is available in both a 24-pin hermetically sealed ceramic dual-in-line package (TMS 6000 JR) and a 24-pin 
plastic package (TMS 6000 NC). The packages are designed for insertion in mounting-hole rows on 0.600-inch centers. 
(SeeMOS/LSI packaging section.) 
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switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



INPUT O- 



SWITCH UNDER TEST 



-5VO ' L 



I 



— O OUTPUT 

(see note b) 
;l = i8pf 



INPUT 
-20 V -■ 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES- A The input waveform is supplied by a generator with the following characteristics: tr<10ns, Zout 50 n. 

B. Waveform, are monitored on an oscilloscope with the following characteristics: tr<10ns, B;„>W Mfl, Cl includes oscilloscope 
input capacitance plus stray capacitance. 

TYPICAL CHARACTERISTICS 



STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 



FREE-AIR TEMPERATURE 
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STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 



GATE-SOURCE VOLTAGE 
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typical applications data 

in the following circuit, each input is sequentially connected through an MOS switch to an output circuit represented by 
load resistance Rl- A Series 54/74 TTL counter and decimal decoder are used to obtain sequential driving from a single 
clock. 

An interface circuit using a PNP transistor translates TTL output voltage levels to those required by the MOS switch. In 
this circuit, +5 volts is used to turn the switch off, -20 volts is used to turn it on. Because the transistor saturates, a 
storage time exists which delays turn-off. This delay (about 150 to 300 ns) is used in the interface circuit shown to 
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typical applications data (continued) 



allow the previous MOS switch to turn off comp,. tely before the next one turns on. Cloc c frequency, tdock. is limited 
by interface circuit storage and fall times to about 250 kHz before these times become an appreciable fraction of a clock 
cycle. 

The substrate is biased at +12 V to allow the drains and sources of the MOS switches to go positive without forward- 
biasing the drain-substrate and source-substrate diffused diodes. Only leakage current flows into the substrate, so the 
simple RC filter shown is sufficient to prevent noise from the -1-12 volt supply from interfering with switch operation. 

DIRECT-COUPLED MULTIPLEXER ADDRESSED FROM SERIJS 54/74 TTL 



10 kn 
+5V O— •-WV 



2>" 



0.01 9 



12 



120 pF 




L 1 




INPUTS 



TV 



MAXIMUM INPUT VOLTAGE 
EXCURSION = ±5 V 



H [f] & ^ ^ [4] 



J 



STZ 



Hi III 111 m III 111 iM u. 

1 — • — I — • — I — • — i — #- * — \ — ♦- • — j — • — ! — * — \ i ! 



[^ ||! [p [p 




--^ 



I I 



A TOTAL OF 10 INTERFACE CIRCUITS 
IDENTICAL TO THE ONE AT THE LEFT 




OUTPUT 
Rl >6kn 



EACH INVERTER 
SN7404 



"""JIIMIMM 



123456789 
SN5442/SN7442 (BCD-TO-DECIMAL DECODER) 
A B C D 



CLOCK f <250 kHz 



A B^ C D 

SN5490^N7490 
N 
A DECADE COUNTER 

BO Rod) R9(2) 



R0(2) 



rr 



"9(1) 



PRINTED IN U.S A. 

Tl cannot assume any responiibility for an/ circuil! shown 

or represent Itiat they ore free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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DESIGNED FOR HIGH-SPEED MULTIPLEXING APPLICATIONS 

• Dual-in-line ceramic or plastic package 

• RDS(on) ■ • • 200 D, maximum 



description 



The TMS 6002 JR/NC analog switch is a P-channel enhancement-mode MOS monolithic integrated circuit, utilizing thick- 
oxide technology. This general-purpose device consists of six MOS transistors having all six gates interconnected. The 
common gate is protected by a diode circuit and must be switched by an external driver. The analog switch is packaged 
in 16-pin dual-in-line ceramic package. 

A gate input impedance greater than lOlO ohms coupled with low source-cutoff current, zero inherent offset voltage, 
and low on-state resistance ideally suits this switch for time-division multiplexing. 



schematic and pin configuration 

This device is available in both a 16-pin hermetically sealed ceramic dual-in line package (TMS 6000 JR) and a 16-pin 
plastic package (TMS 6002 NC). The packages are designed for insertion in mounting-hole rows on 0.300-inch centers. 
(See MOS/LS! packaging section.) 



SUB 



16 



2D 



TOP VIEW 
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5D 
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1S 2S 

NC = No connection 



3S 4S 

S = Source 



J>S 6S 

CG = Gate 



CG NC 

D = Drain 
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absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t 

Drain-source voltage _oq w 

Forward gate-source voltage (See Note 1 ) _30 y 

Gate-drain voltage _3q y 

Drain current ! ! . -50 mA 

Gate-terminal reverse current (forward direction for zener clamp) 0.1 mA 

Continuous dissipation at (or below) 25°C free-air temperature (see Note 2) 500 mW 

Operating free-air temperature range (See Note 3) -55°C to 85°C 

Storage temperature range — 55°Cto150°C 

NOTES: 1. Forward gate-source voltage is of such polarity that an increase in its nnagnitude above a threshold level causes the channel resistance 
to decrease. 

2. Derate linearly to 85°C free-air temperature at the rate of 8.3 mW/°C. 

3. Operating free-air temperature for TMS 6002 NC is — 25°C to +85°C. 

electrical characteristics at 25''C free-air temperature (unless otherwise noted) 





PARAMETER 


TEST CONDITIONS^ 


MIN 


TYP 


MAX 


UNIT 


V(BR)DSS 


Drain-source breakdown voltage 


Id = -10mA, 


vgs = o 


-30 






V 


V(BR)GSS 


Gate-source breakdown voltage 


IG = -10mA, 


vds = o 


-30 






V 


V(BR)SDS 


Source-drain breakdown voltage 


IS = -10mA, 


vgd = o 


-30 






v 


'gssf 


Gate-terminal forward current 
6 gates 


Vqs = -20 V, 


Vds = 




0.3 


6.0 


nA 


•dss 


Zero-gate-voitage drain current 


Vds = -20 V, 


vgs = o 




3.0 


nA 


•SDS 


Zero-gate-voltage source 
current 


VsD = -20 V, 


vgs = o 






6.0 


nA 
V 


VGS(th) 


Gate-source threshold voltage 


Vqg = 0, 


Id = -10mA 


-2.5 


-4 


-6 


RDS(on) 


Static drain-source on-state 
resistance 


Vqs = -20 V, 


Id = -100mA 




140 


200 


n 


l/fsl 


Small-signal common gate 
forward transfer admittance 


Vds = -10 V, 

f = 1 kHz 


Vqs = -10 V, 




3 




mmho 


C(in) 


Input capacitance 
(See Note 3) 


Vds = -5 V, 

f = 1 MHz 


vgs = o. 




4 


7 


pF 


C(out) 


Output capacitance 
(See Note 4) 


VsD = -5 V, 
f = 1 MHz 


Vqs = -5 V, 




4 


7 


pF 


Cgs 


Gate-source capacitance 
(See Note 5) 


Vds = 0. 

f = 1 MHz 


vgs = o. 




3 


4.5 


pF 


Cgd 


Gate-drain capacitance 
(See Note 5) 


Vds = o, 


Vgs = 0, 




2 


3 


pF 


*don 


Turn on delay time 


See Switching Circuit 




50 


75 


ns 



NOTES: 3. C(jn) is the capacitance between the drain terminal and all other terminals of the transistor under test. 

*• ^<out) '* ^^° capacitance between the source terminal and all other terminals of the transistor under test. 
5. Cgs and Cgd measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The drain 
and substrate or the source and substrate, respectively, are connected to the guard terminal of the bridge. 

' The body (substrate) terminal Is grounded to the reference terminal unless otherwise noted. 
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switching characteristics 



PARAMETER MEASUREMENT INFORMATION 



INPUT O- 



SWITCH UNDER TEST 



Vo 1 L 



160 kn: 



T 



— OOUTPUT 

(SEE NOTE B) 



Cl= 18 pF 



TEST CIRCUIT 



ov 




OUTPUT 



\: 



90% 



VOLTAGE WAVEFORMS 



JOTES: A. The input waveform is supplied by a generator witii the following characteristics: t^ < 10 ns, Zqu^ ~ ^^ ^• 

B. Waveforms are monitored on an oscilloscope with the following characteristics: t^ ^ 10 ns, Rjn i* 10 MiJ. Cl includes 
oscilloscope input capacitance plus stray capacitance. 



TYPICAL CHARACTERISTICS 
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ON-STATE RESISTANCE 



FREE-AIR TEMPERATURE 
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TMS 6005 JR, NC; TMS 6009 JR, NC 
SIX-CHANNEL ANALOG SWITCHES 



DESIGNED FOR HIGH-SPEED MULTIPLEXING APPLICATIONS 

• Dual-in-line package 

• '■DS(on) ■ • ■ 200 n max 



TOP VIEW 



3D 



16 



IS 



14 



5D 6D 



13 



12 



NC 



10 



9 



description 

The TMS 6005 JR/NC and TMS 6009 JR/NC ana- 
log switches are P-channel enhancement-mode MOS 
monolithic integrated circuits utilizing thick-oxide 
technology. Each consists of six MOS transistors hav- 
ing all six sources interconnected. The gate of each 
MOS device is protected by a diode circuit and must 
be switched by an external driver. The analog switch- 
es are packaged in 16-pin dual-in-line ceramic pack- 
ages or 1 6-pin plastic packages. 

The TMS 6009 JR/NC is intended for applications 
requiring extremely low leakage currents. The 
TMS 6005 JR/NC is a general-purpose device. 

A gate input impedance greater than lO^O ohms 
coupled with low source cutoff current, zero inherent 
offset voltage, and low on-state resistance makes 
these switches ideally suited for time-division multi- 
plexing of analog and digital signals. 

mechanical data 



Mounted in a 16-pin hermetically sealed ceramic dual-in-linfe package the analog switches are numbered TMS 6005 JR, 
and TMS 6009 JR. In 16-pin plastic packages the devices are designated TMS 6005 NC and TMS 6009 NC. The pack- 
ages are designed for insertion in mounting-hole rows on 0.300-inch centers. (See MOS/LSI packaging section.) 



M 



3 4 



4G 



NC 



G — Gate S — Source 

NC — No Internat connection 



D — Drain 



absolute maximum ratings at 25*" C free-air temperature (unless otherwise noted) t 

Drain-source voltage _2q y 

Forward gate-source voltage (see Note 1 ) _3q w 

Gate-drain voltage _2q y 

Drain current en a 

—50 mA 

Gate-terminal reverse current (forward direction for zener clamp) 1 mA 

Continuous dissipation at (or below) 25°C free-air temperature (see Note 2) 500 mW 

Operating free-air temperature range (see Note 3) -55°C to 85°C 

Storage temperature range — 55°Cto150°C 

NOTES: 1. Forward gate-source voltage is of such polarity that an increase in its magnitude above a threshold level causes the channel 
resistance to decrease. 

2. Derate linearly to 85°C free-air temperature at the rate of 8.3 mW/°C. 

3. Operating temperature range fOr TMS 6005 NC and TMS 6009 NC is -25 to +85°C. 
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electrical characteristics at 25°C free-air temperature 



PARAMETER 


TEST CONDITIONSt 


TMS6005JR 


TMS6009JR 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


V(BR)DSS 


Drain-source breakdown voltage 


ID = -10mA, 


vgs = o 


-30 


-30 


V 


V(BR)GSS 


Gate-source breakdown voltage 


IG = -10mA, 


Vds = o 


-30 


-30 


V 


V(BR)SDS 


Source-drain breakdown voltage 


|g = _10^A, 


vgd = o 


-30 


-30 


V 


'gssf 


Gate-terminal forward current 


Vgs = -20 V, 


Vds = 


-5 




-0.05 


-1 


nA 


loss 


Zero-gate-voltage drain current 


Vds = -20 V, 


vgs = o 


-10 


-3 


nA 


'SDS 


Zero-gate-voltage source current 
(total for six switches) 


VsD = -20 V, 


vgd = o 


-30 


-6 


nA 


VGS(th) 


Gate-source threshold voltage 


VdG = 0, 


Id = -10mA 


-2.5 


-4 


-6 


-2.5 


-4 


-6 


V 


■■DSion) 


Static drain-source on-state resistance 


Vgs = -20 V, 


Id = -100mA 




140 


200 




140 


200 


n 


hsi 


Small-signal common-source 
forward transfer admittance 


Vds = -10 V, 

f= 1 kHz 


Vgs = -10 V, 


3 


3 


mmho 


C(in) 


input capacitance {see Note 3) 


Vds = -5 V, 

f= 1 MHz 


Vg = Vs = Vss 




4 


7 




4 


7 


pF 


C(out) 


Output capacitance (see Note 4) 


VsD = -5 V, 
f= 1 MHz 


Vg = vs = vss 




13 


20 




13 


2Q 


PF 


Cgs 


Gate-source capacitance (see Note 5) 


vds = o, 

f= 1 MHz 


Vgs = 0. 




3 


4.5 




3 


4.5 


pF 


Cgd 


Gate-drain capacitance (see Note 5) 


Vds = 0, 

f= 1MHz 


Vgs = 0, 




2 


3 




2 


3 


pF 


^on 


Turn-on time 


See Figure 1 




50 


75 




50 


75 


ns 



NOTES: 3. C^■,„) is the capacitance between the drain terminal and all other terminals of the transistor under test. 

4. C(out) is the capacitance between the source terminal and ail other terminals of the transistor under test. 

5. Cgs and Cgd measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The drain and substrate i 
the source and substrate, respectively, are connected to the guard terminal of the bridge. 

■•■The body (substrate) terminal is grounded to the reference terminal unless otherwise noted. 

PARAMETER MEASUREMENT INFORMATION 



switching characteristics 

INPUT O 



SWITCH UNDER TEST 



TfT 

-5Vo 1 L 




OV 



INPUT 



OOUTPUT 



-20 V 



(SEE NOTE B) 
Cl=18pF OV 

OUTPUT 




TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. The input waveform is supplied by a generator with the following characteristics: tf < 10 ns, Z^^X = ^° "■ 

B. Waveforms are monitored on an oscilloscope with the following characteristics: t^ < 10 ns. Rjn > 10 Mfl. Cl includes 
oscilloscope input capacitance plus stray capacitance. 



FIGURE 1 
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TYPICAL CHARACTERISTICS 



STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 



STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 



FREE-AIR TEMPERATURE 



GATE-SOURCE VOLTAGE 
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TYPICAL APPLICATION DATA 

In the -foMowing circuit, each input is sequentially connected through an MOS switch to an output circuit represented by 
load resistance Rl. A Series 54/74 TIL counter and decimal decoder are used to obtain sequential driving from a 
single clock. 

An interface circuit using a PNP transistor translates TTL output voltage levels to those required by the MOS switch. In 
this circuit, +5 volts is used to turn the switch off, -20 volts is used to turn it on. Because the transistor saturates, a 
storage time exists which delays turn-off. This delay (about 150 to 300 ns) is used in the interface circuit shown to allow 
the previous MOS switch to turn off completely before the next one turns on. Clock frequency, fclock- is limited by 
interface circuit storage and fall timesto about 250 kHz before these times become an appreciable fraction of a clock 
cycle. 

The substrate is biased at -1-5 volts to allow the drains and sources of the MOS switches to go positive without forward- 
biasing the drain-substrate and source-substrate diffused diodes. Only leakage current flows into the substrate, there- 
fore the simple RC filter shown is sufficient to present noise from the +5 volts supply from interfering with switch 
operation. 
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TYPICAL APPLICATION DATA 

DIRECT-COUPLED MULTIPLEXER ADDRESSED FROM SERIES 54/74 TTL 

INPUTS 



TMS 6005 JR/NC 
I OR 

I TMS 6009 JR/NC 
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CUSTOM MOS/LSI 



MOS/LSI is very we!l suited for custom design: 



High level of Integration 
Two dimensional design 
Simple process 



lower package count 
lower cost 

easy simulation 

fast turnaround times 

high reliability 
low cost 



To respond to the large demand for MOS/LSI custom subsystems, Tl has geared its operations to 
handle hundreds of custom designs each year. 

The level of complexity of MOS/LSI subsystems design is very high. Circuit designs are assisted by other 
specialists. A typical team approach to multichip system design will consist of 

• Systems Engineers 

• Circuit Designers 

• Software Specialists 

• Test and Reliability Engineers 

In order tp optimize design and minimize cost, many computer programs have been developed. In a 
typical MOS/LSI multichip design the following computer-aided design will be used to optimize the 
design: 

Subsystem simulation 

Circuit analysis 

Circuit simulation 

Automatic placement and routing (mask design) 

Manually assisted placement and routing (CRT implementation of mask design) 

Computer drawing 

Mask cutting 

Test pattern generation and grading 
Tl's involvement in custom MOS/LSI is complete. The Tl-customer interface is very flexible. Inputs may 
range from general requirements ("Black Box" specifications) to finished working glass photomasks. Ex- 
perience has shown that the best interface point is with partitioned logic diagrams; however, Tl can also 
partition your logic diagrams or convert TTL/DTL implemented logic to MOS/LSI. 
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CUSTOM MOS/LSI 



CUSTOMER INPUT 



GENERAL 
.REQUIREMENTS-x 



> .=£> 



LOGIC DIAGRAM 
.(yNPARTjTIONED):: 



LOGIC DIAGRAM::: 
(PARTITIONED) :.• 



;:CIRCUIT DIAGRAM: 
::(SINGLE CIRCUITS): 



:•: MYLAR LAYOUT: 
DRAWING 



;:::;:;:;:;: A FrryyORK ;:::;::;:: 



Tl OPERATIONS 



DEFINE 
SYSTEM 



LOGIC DIAGRAM 
PARTITIONING 









CIRCUIT 
DESIGN \ 



AUTOMATIC 

PLACEMENT 

AND ROUTING 



VERIFICATION 

AND 

ARTWORK 




For more information on custom MOS/LSI design please contact the nearest Tl sales office 
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SEMICONDUCTOR MEMORIES 



SEMICONDUCTOR MEMORY ARRAYS 

Multichip memory arrays are an extension of the line of memory products presently available in both 
MOS/LSI and bipolar technologies. Only Tl has the full range of semiconductor technologies, 
including MOS/LSI, TTL and ECL, that permit selection of the right technologies to provide optimum 
memory performance. 

Economy, high performance, low power requirements, high packaging density, and improved 
reliability are among the obvious advantages of multichip memory arrays. The standard arrays use 
beam leaded circuit chips thermo-compression bonded to thick film ceramic substrates for highest 
reliability. Standard arrays use MOS/LSI random access memory chips with TTL chips performing the 
decoding. MOS decoding is also available. Texas Instruments provides the total semiconductor 
capability required to produce complex storage functions using the best combination of technologies 
to meet system performance requirements. 
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SMA 1001 
2048-BIT SEMICONDUCTOR MEMORY ARRAY 



2048 BIT 
SEMICONDUCTOR RIM STORAGE ARRAY 



FEATURES: 

High density semiconductor storage 

Adaptable to a wide variety of memory systems 

Isolated sense line 

Minimum of 200 microamperes of sense current 

Static operation — no refresh requirements 

12 V operation 

Ceramic flat pack 



description 



This specification defines the SMA 1001 256 x 8 IVIOS 
iVIemory Array to be used as building bloclcs in a large 
Active Element Memory. The 256 x 8 MOS Memory 
Array is packaged as eight individual 256 x 1 MOS Mem- 
ory Chips beam-leaded to a multilayer ceramic substrate. 



organization 



The Memory Array is organized as a 256-word by 8-bit 
memory. The Array has four power connections, six- 
teen X-address connections, sixteen Y-address connec- 
tions, eight sense line connections, and sixteen digit line 
connections. 



operations 



Read Mode — 

The contents of 8 memory cells may be non-destructively 
read from any of the 256 addressable cells on a single 
memory cycle. The digit lines will be held to the most 
negative level during a read operation. 

Write Mode - 

The contents of one to eight memory cells may be forced 
to a "1" or "0" state by raising the corresponding bit digit- 
1 or digit-0 line to the most positive voltage level. Placing 
a high level on both digit-1 and digit-0 lines simultaneously 
will not cause damage to the array. A high level on the 
digit-l line corresponds to a sense current (ls(1)) at the 
sense output during a read. 




SMA 1001 SEMICONDUCTOR MEMORY ARRAY 
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The material herein is believed to be 
accurate and reliable; however, some 
parameters specified are derived from 
evaluation units and may change 
slightly after full characterization. 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS. TEXAS 75222 



SMA 1001 
2048-BIT SEMICONDUCTOR MEMORY ARRAY 



operations (continued) 

Addressing — 

A single meniory cell in each of the 8 bits will be addressed by driving one X line and one Y line to the most negative 
voltage level. Al! other X and Y lines will be held at the most positive voltage level. A simultaneous address of up to 
256 words by driving multiple X and/or Y lines to the most negative voltage level will not degrade data stored at any 
location if all digit lines are held low. 

recommended operating conditions 



vss 



Operating temperature range with 700 FPM air flow 
Static characteristics (V55 = 12 V, T^ = - 70°C) 



MIN 


TYP 


MAX 


UNITS 


8 


10 


15 


V 





25 


70 


(°C) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


C/\ Address line capacitance 


Va = OV 




95 




PF 


Cq Digit line capacitance 


Vd = OV 




32 




pF 


Cq Digit line capacitance 


Vd = Vss 




60 




pF 


Cs Sense line capacitance 


Vs = 




35 




pF 


Address line voltage for unaddressed 

Va(0) 

state 


IS(00) = 2.5mAMAX 


6-13* 








V/^ j 1 ) Address line voltage for addressed state 


IS(1) = 200mA 






0.4 


V 


Vd(o) Digit line write voltage 


Va - 0.4 V, 


6-13* 




8.5-1 5.5t 


V 


Vq(^) Digit line non-destructive read voltage 


Va = 0.4 V, 







1.0 


V 


Sense line current when addressed 

ls(0) 

cell contains a (0) 


Va = 0.4 V, Rs = 1 K 






2.5 


mA 


Sense line current wlien addressed 

'S(I) 

cell contains a (1) 


RS = 1 K or less, Va = 0.4 V 


200 






/iA 


'A(2) Address line leakage current 


Va = OV 






10 


mA 


Iss Power supply current 


Vss = 1 2.0 V ± 5%, Va = Vss 






85 





* The gate to source voltage must be 2 volts or less for any Vss- 
t This voltage must not be greater than Vgs + 0.5 V. 

dynamic characteristics (Vgg = 12 V, T^ = 25° C) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Digit line pulse width for writing into 
Tw 

an addressed cell 


Va = 0.4 V, Vd = 0.9 Vss 




50 




ns 


Time for sense line current to reach 
Ta 

90% of final value after addressing 


Va = 0.2 V 




25 




ns 



mechanical data 

This semiconductor memory array consists of 8 individual beam leaded MOS memory chips thermocompression bonded 
to a multi-level interconnect system and contained in a epoxy sealed ceramic package. 

The MOS chips are processed using low threshold nitride process. Beam leads and the internal interconnections are corro 

sion resistant and all contacts are gold to gold. 

The package has a flat pack lead configuration with 60 leads on four sides on 50 mil centers. 



The material herein is believed to be 
accurate and reliable; however, some 
parameters specified are derived from 
evaluation units and may change 
slightly after full characterization. 
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mechanical data (continued) 



1.25 TYP 




46 



a) 



16 





.125 



.005 



rf 



1.10 SQ 



1.00 SQ 



1 



r 



^ 



.020 TYP 



-¥ ih 



.050 TYP 



OUTLINE DIMENSIONS 



r-. 



.115 



pin 


configuration 






















PIN 


FUNCTION 


PIN 


FUNCTION 


PIN 


FUNCTION 


PIN 


FUNCTION 


PIN 


FUNCTION 


PIN 


FUNCTION 


1 


Yl5 


11 


X7 


21 


Do-6 


31 


S8 


41 


s? 


51 


Do-1 


2 


Yl6 


12 


X6 


22 


Y8 


32 


Yl 


42 


VSS2 


52 


Yg 


3 


S5 


T3 


X5 


23 


Y7 


33 


Vssi 


43 


Xl1 


53 


YlO 


4 


X8 


14 


X4 


24 


Y6 


34 


X9 


44 


Xl2 


53 


Yl1 


5 


Dl-5 


15 


xs 


25 


Y5 


35 


XlO 


45 


Si 


55 


Yl2 


6 


Vddi 


16 


S6 


26 


Y4 


36 


S2 


46 


Xl3 


56 


Yl3 


7 


DO-5 


17 


Dl-6 


27 


Do-8 


37 


Dl-2 


47 


Xl4 


57 


S3 


8 


S4 


18 


VdD2 


28 


Dl-8 


38 


Do-2 


48 


Xl5 


58 


Dl-3 


9 


Dl-4 


19 


X2 


29 


Y3 


39 


DO-7 


49 


Xl6 


59 


Yl4 


10 


DO-4 


20 


Xl 


30 


Y2 


40 


Dl.7 


50 


Dm 


60 


Do-3 



The material herein is believed to be 
accurate and reliable; however, some 
14-288 parameters specified are derived from 

evaluation units and may change 
slightly after full characterization. 
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2048-BIT SEMICONDUCTOR MEMORY ARRAY 



2048-BIT 
NI6H PERFORMANCE SEMICONOUCTOR RIM ARRIIY 



description 



This specification defines a 2048-bit memory array to be used as a building blocl< for organizing larger memory systems. 
The memory array is a multi-chip array made up of beam leaded MOS storage chips and beam leaded bipolar decoding, 
sense, write and control chips. This total array is packaged in a ceramic dual-in-line 28 pin package for the commercial 
temperature range (0 — 70°C). 



features 



Fast read access time . 125 ns typical 

Fast write time 125 ns typical 

Fast cycle time 150 ns typical 

Low memory power dissipation 0.65 mW/bit typical 

Open collector output for OR tie 

Directly compatible with DTL and TTL logic circuits 

Easy memory expansion through 4 chip select inputs 

Read strobe control 

Standard TTL loading 

+5V, GND, -5 V operation 

DIP packaging 



organization 

The memory array is organized as a 2K x 1 fully decoded memory. 
block diagram 



ARRAY SELECT 



<^ 



ADDRESS - 



e 



<- 



DATA IN 
MTC 

R/W 

READ STROBE 



-^ 






Vss Vcc+1 Vcc+2 

.4--M- 



MOS STORAGE 



GND 



VCC- 



±> 



READ 
WRITE CONTROL 



SENSE 
AMPLIFIER 



DATA OUT 






The material herein is belieued to be 
accurate and reliable; however, some 
parameters specified are derived from 
evaluation units and may change 
slightly after full characterization. 
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SMA 2001 

2048-BIT SEMICONDUCTOR MEMORY ARRAY 



operation 



Read Mode - Binary levels are applied to address lines (TTL levels) and data appears at output at access time (125 ns) 
when READ STROBE is LOW and R/W is HIGH in the READ MODE. 

Write Mode— Binary levels are applied to address lines (TTL levels). Data is present at DATA IN. R/W is LOW for 
the WRITE mode. READ STROBE is HIGH. MTC is LOW until indicated time in WRITE cycle. 

Array Select — All four array selects must be LOW to have array selected. When array is not selected, array output is 
HIGH and data cannot be written into the array. 



Timing — 



Waveform timing is shown on attached timing diagram. 



absolute maximum ratings (over operating temperature range unless otherwise noted) 

Vss (See Note 7) 7 V 

Vcc+ (See Note 7) 7 V 

VCC- (See Note 7) -7 V 

Input voltage (See Note 8) 5.5 V 

Operating Ambient Temperature with 700 FPM of air flow to 70°C 

Storage temperature range . . . — 65to150°C 

Output sink current (Note 9) 20 mA 

Maximum ratings are limits beyond which the life of individual devices may be impaired and are never to be exceeded in service or testing. 



recommended operating conditions 



Vss 

Vcc+ 

vcc- 

Output sink current (See Note 9) 

Operating Ambient Temperature with 700 FPM of air flow 



MIN 


NOM 


MAX 


4.75 


5.0 


5.25 


4.75 


5.0 


5.25 


-4.75 


-5.0 


-5.25 






16 mA 


0°C 




70°C 



NOTES: 1. All array selects must be LOW for array to be selected. 

2. Unseiected array data out at HIGH level. 

3. Read strobe should be LOW for data out only during read cycle. 

4. HIGH data in gives HIGH data out. 

5. R/W is HIGH for read, LOW for write. 

6. MTC must be LOW at all times except at end of write cycle. 

7. With respect to network ground terminal. 

8. Input signals must be zero or positive with respect to network ground terminal. 

9. Output 1 equals output 2. 



The material herein is believed to be 
accurate and reliable; however, some 
14*290 parameters specified are derived from 

evaluation units and may change 
slightly after full characterization. 
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electrical characteristics (over ambient temperature range unless otherwise noted) 



PARAMETERS 


TEST CONDITIONS+ 


MIN 


TYP* 


MAX 


UNITS 


Inputs 












l|H . All inputs J 


V|H = 2.4V, Vcc+ = MAX 






40 


juA 


l|L 


except 




ViL = 0.4V, Vcc+ = MAX 






-1.6 


mA 


V|H 


R/W and 




Vcc+ = M'N 


2.0 






V 


V|L 


Array Selects 




Vcc+ = M'N 






0.8 


V 


Inputs 












l,H , R/Wand . 


V|H = 2.4V, Vcc+ = MAX 






80 


mA 


.,u 


Array Select 




V|L = 0.4V, Vcc+ = MAX 






-3.2 


mA 


V|H 


inputs 




VjjQ+ = MIN 


2.0 






V 


V|L 


only 




Vcc+ = IV"N 






0.8 


V 


Outputs 












Vqh 


Open Collector 










Vol 


■-.=ie-, i^:::: 






0.4 


V 


lOH 


VOH = 5.25 V, v^^^.^.N 






250 


mA 


Supply Currents 












ICC+ (Includes Iss) 






248 






1 co- 






20 






Power Dissipation 












Total 






1340 




mW 


Per Bit 






0.65 




mW 


Dynamic Characteristics (See Timing Diagram) 












Read Access 






125 




ns 


50% input address line change to 50% data 


Rout = 330 n ± 5% 










output with read strobe LOW and R/W 












signal HIGH 


COUT = 30 pF 










Write Cycle 






150 




ns 


50% input address line change to start of 












next cycle 













All typical values are at Vqq + = Vss = -VcC" = +5 V and T^ - 25 C. 



t Vcc+ = VcCi 



'CC2 



The material herein is believed to be 
accurate and reliable; however, some 
parameters specified are derived from 
evaluation units and may change 
slightly after full characterization. 
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SM7\ 2001 

2048-BIT SEMICONDUCTOR MEMORY ARRAY 



timing diagram 




14-292 



The material herein is believed to be 
accurate and reliable; however, some 
parameters specified are derived from 
evaluation units and may change 
slightly after full characterization. 
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SMA 2001 
2048-BIT SEMICONDUCTOR MEMORY ARRAY 



mechanical data 

This semiconductor memory array consists of individual beam leaded MOS memory and bipolar interface chips thermo- 
compression bonded to a multilevel interconnect system and contained in an epoxy sealed ceramic package. 

The package has a dual-in-line configuration with 28 leads on 100 mil centers. This package is intended for insertion 
in mounting-hole rows on 1 .200 inch centers. 



pin configuration 






1. GND 




15. GND 


2.A10 
3. Ag 




16. NO 

17. AS4-ARRAYSEL 


4. As 




18. AS3-ARRAYSEL 


5. DATA IN 1 




19. Ao 


6. MTC-TIMING CONTROL 


20. Ai 


7. READ STROBE 


21. A2 


8. OUTPUT l) 

9. OUTPUT 2j 


See Note 9 Page 2 


22. A3 

23. AS2-ARRAYSEL 


10.R/W-READ/WRITE 


24. AS1-ARRAYSEL 


11.-VCC 




25. A4 


12.VCC2 
13.VCC1 
14.VSS 




26. A5 

27. Ae 

28. A7 



nnnnnnnnnnnnnn 



28 



15 




SMA 2001 
Serial No. XXXX 



14 



u u y u u y u y y u y u u u 



1.6 ± 0.020 



1.150 
NOM 



I — 0.105 ±0.020 



.080 TYP 



»Jfa 0.0111 



±0.003 



1.225 ±.025 



0.020 min/ ^ 

0.200 TYP I 

— ►jl*- 0.018 ± 



V- 



0.003 



0.100 TYPICAL (SEE NOTE A) 



NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is locatecJ within ± 0.010 of its true longitudinal 
position relative to pins \\j and ^S) . 
B. All dimensions in inches. 



The material herein is believed to be 
accurate and reliable; however, some 
parameters specified are derived from 
evaluation units and may change 
slightly after full characterization. 
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2048-BIT 
HI6H PERFOIMmCE SEMICONDUCTOR RUM ARRAY 



description 



This specification defines a 2048-bit memory array to be used as a building blocic for organizing larger memory systems. 
The memory array is a multi-chip array made up of beam leaded MOS storage chips and beam leaded bipolar decoding, 
sense, write and control chips. This total array is packaged in a ceramic dual-irr-line 28 pin package for the commercial 
temperature range (0 — 70°C). 



features 



Fast read access time 125 ns typical 

Fast write time 125 ns typical 

Fast cycle time 150 ns typical 

Low memory power dissipation 0.65 mW/bit typical 

Open collector output for OR tie 

Directly compatible with DTL and TTL logic circuits 

Easy memory expansion through 4 chip select inputs 

Read strobe control 

Standard TTL loading 

+5V, GND, -5 V operation 

DIP packaging 



organization 



The memory array is organized as a IK x 2 fully decoded memory. 



block diagram 



ARRAY SELECT 



m 



ADDRESS - 



MTC 

R/W 

READ STROBE 



c 



c 






Vss Vcc+ Vcc+2 

M-I-- 



!> 



MOS STORAGE 



GND 

vcc- 



b 



^ 



READ 



WRITE CONTROL 



SENSE 
AMPLIFIER 



DATA 
OUT 



The material herein is believed to be 
accurate and reliable; however, some 
14-294 parameters specified are derived from 

evaluation units and may change 
slightly after full characterization. 
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2048-BIT SEMICONDUCTOR MEMORY ARRAY 



operation 

Read Mode - Binary levels are applied to address lines (TTL levels) and data appears at output at access time (1 25 ns) 
when READ STROBE is LOW and R/W is HIGH in the READ MODE. 

Write Mode - Binary levels are applied to address lines (TTL levels). Data is present at DATA IN. R/W is LOW for 
the WRITE mode. READ STROBE is HIGH. MTC is LOW until indicated time in WRITE cycle. 

Array Select - All four array selects must be LOW to have array selected. When array is not selected, array output is 
HIGH and data cannot be written into the array. 

Timing - Waveform timing is shown on attached timing diagram. 

absolute maximum ratings (over operating temperature range unless otherwise noted) 

Vss (See Note 7) ^^ 

Vcc+ (See Note 7) '^ 

Vcc- (See Note 7) '^ 

Input voltage (See Note 8) ■ sL 

Operating Ambient Temperature with 700 FPM of air flow to 70 C 

„ ^ . —65 to 150 C 
Storage temperature range 

Output sink current ■ • 

t Maximum ratings are limits beyond which the life of individual devices may be impaired and are never to be exceeded in service or testing. 



recommended operating conditions 



Vss 

vcc+ 

Vcc- 

Output sink current . 

Operating Ambient Temperature with 700 FPM of air flow 



MIN 


NOM 


MAX 


4.75 


5.0 


5.25 


4.75 


5.0 


5.25 


-4.75 


-5.0 


-5.25 






16 mA 


0°C 




70°C 



1. All array selects must be LOW for array to be selected. 

2. Unselected array data out at HIGH level. 

3. R«pd strobe should be LOW for data out only during read cycle. 

4. HIGH data in gives HIGH data out. 

5. R/W is HIGH for read, LOW for write. 

6. MTC must be LOW at all times except at end of write cycle. 

7. With respect to network ground terminal. 

8. Input signals must be zero or positive with respect to network ground terminal. 



The material herein is believed to be 
accurate and reliable; however, some 
parameters specified are derived from 
evaluation units and may change 
slightly after full characterization. 
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electrical characteristics (over ambient temperature range unless otherwise noted) 



PARAMETER 


TEST CONDITIONS^ 


MIN 


TYP* 


MAX 


UNITS 


Inputs 














l|H All inputs 


V|H = 2.4V, 


Vcc+ = MAX 






40 


mA 


1 1 L except 


V|L=0.4V, 


Vcc+ = MAX 






-1.6 


mA 


V|H R/Wand 




Vcc+ = MIN 


2.0 






V 


V|L Array Selects 




Vcc+ = MIN 






0.8 


V 


Inputs 














l|H R/Wand 


V|H = 2.4V, 


Vcc+ = MAX 






80 


JuA 


l|L Array Select 


V|L = 0.4V, 


Vcc+ = MAX 






-3.2 


mA 


V|H Inputs 




Vcc+ = MIN 


2.0 






V 


V|L only 




Vcc+ = MIN 






0.8 


V 


Outputs 














VOH 


Open Collector 












Vol 


'sink= 16 mA, 


Vcc- = MIN 
Vcc+ = MIN 






0.4 


V 


'OH 


VoH = 5.25 V, 


Vcc- = MIN 
Vcc+ = MIN 






250 


mA 


Supply Currents 














'00+ (Includes Iss) 








248 






'cc- 








20 






Power Dissipation 














Total 








1340 




mW 


Per Bit 








0.65 




mW 


Dynamic Characteristics (See Timing Diagram) 














Read Access 


Rqut = 330 n 


±5% 




125 




ns 


50% input address line change to 50% 


COUT = 30 pF 












data output with read strobe LOW 














and R/W signal HIGH 














Write Cycle 














50% input address line change to start 








150 




ns 


of next cycle 















All typical values are at Vcc+ = Vss = -Vqc- = +5 V and T^ = 25°C. 
t Vcc+ = Vcc, = Vcc2 



The material herein is believed to be 
accurate and reliable; however, some 
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2048-BIT SEMICONDUCTOR MEMORY ARRAY 



timing diagram 




K 




The material herein Is believed to be 
accurate and reliable; however, some 
parameters specified are derived from 
evaluation units and may change 
slightly after full characterization. 
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mechanical data 

This semiconductor memory array consists of individual beam leaded MOS memory and bipolar interface chips thermo- 
compression bonded to a multilevel interconnect system and contained in an epoxy sealed ceramic package. 

The package has a dual-in-line lead configuration with 28 leads on 100 mil centers. This package is intended for insertion 
in mounting-hole rows on 1 .200 inch centers. 



pin configuration 

1.GND 

2. DATA IN 2 

3.A9 

4.A8 

5. DATA IN 1 

6. MTC-TIMING CONTROL 

7. READ STROBE 

8. OUTPUT 1 

9. OUTPUT 2 

10. R/W-READ/WRITE 

ll.-Vcc 

I2.VCC2 

13. Vcci 

14. Vss 



15. GND 

16. NO 

17. AS4-ARRAYSEL 
IS. AS3-ARRAY SEL 

19. Aq 

20. Ai 

21. A2 

22. A3 

23. AS2-ARRAYSEL 

24. AS 1 -ARRAY SEL 

25. A4 

26. A5 

27. As 

28. A7 



n n n n n n n n n n n n n 

28 15 




\J 



SMA 2002 
Serial No. XXXX 



u u u u u u u y u u u u 



1.6 ±0.020 



14 

inr 




1.150 NOM- 



0.011 ±0.003 



1.225 ±.025- 



.150 ±0.020 

^ .080 TYP 
^ 0.020 MIN 



V w 



s 



1^^^ 



R 



H 



0.200 TYP 



^KKMMHMHH 



KR 



^ 



0.018 ±0.003 



< 0.100 TYP (SEE NOTE A) 



NOTES: A. The true position pin spacing is 0.100 between centerlines. Each pin centerline is located within ±0.010 of its true longitudinal 
position relative to pinsMjanrf(2a. 
B. All dimensions in inches. 
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